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BACKGROUND OF THF TNVENTTON 



Field of Invention 



The present invention relates generally to an improved method of and system for 
illuminating moving as well as stationary objects, such as parcels, during image formation and 
detection operations, and also to an improved method of and system for acquiring and 
analyzing information about the physical atta-ibutes of such objects using such improved 
methods of object illumination, and digital image arxalysis. 

Brief Description Of THp St ate Of Knowledge In The Art 



The use of image-based bar code symbol readers and scanners is weU known in the field 
of auto-identification. Examples of image-based bar code symbol reading/scanning systems 
include, for example, hand-hand scanners, point-of-sale (POS) scanners, and industrial-type 
conveyor scarming systems. 

Presentiy, most commercial image-based bar code symbol readers are constructed using 
charge-coupled device (CCD) image sensing/detecting technology. Unlike laser-based 
scanning technology, CCD imaging technology has particular Ulumination requirements which 
differ from application to application. 

Most prior art CCD-based image scanners, employed in conveyor-type package 
identification systems, require high-pressure sodium, metal haUde or halogen lamps and large. 
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heavy and expensive parabolic or elliptical reflectors to produce sufficient Ught intensities to 
illuminate the large depth of field scanning fields supported by such industrial scanning 
systems. Even when the Ught from such lamps is collimated or focused using such reflectois, 
light strikes the target object other than where the imaging optics of the CCD-based camera are 
viewing. Since only a small firaction of the lamps output power is used to illuminate the CCD 
camera's field of view, the total output power of the lamps must be very high to obtain the 
illumination levels required along the field of view of the CCD camera. The balance of the 
output illtunination power is simply wasted in the form of heat. 

Most prior art CCD-based hand-held image scanners use an array of light emitting 
diodes (LEDs) to flood the field of view of the imaging optics in such scanning systems. A large 
percentage of the output illumination from these LED sources is dispersed to regions other than 
the field of view of the scanning system. Consequently, only a small percentage of the 
illumination is actuaUy collected by the imaging optics of the system. Examples of prior art 
CCD hand-held image scanners employing LED illumination arrangements are disclosed in US 
Patent Nos. Re. 36,528, 5,777,314, 5,756,981, 5,627,358, 5,484,994, 5,786,582, and 6,123,261 to 
Roustaei, each assigned to Symbol Technologies, Inc. and incorporated herein by reference in its 
entirety. In such prior art CCD-based hand-held image scanners, an array of LEDs are mounted 
in a scanning head in front of a CCD-based image sensor that is provided with a cylindrical lens 
assembly. The LEDs are arranged at an angular orientation relative to a central axis passing 
through the scanning head so that a fan of light is emitted through the hght transmission 
aperture thereof that expands with increasing distance away from the LEDs. The intended 
jurpose of this LED illumination arrangement is to increase the "angular distance" and "deptti 
of field" of CCD-based bar code symbol readers. However, even with such improvements in 
LED illumination techniques, the working distance of such hand-held CCD scanners can only 
be extended by using more LEDs within the scanning head of such scanners to produce greater 
illumination output therefrom, thereby increasing the cost, size and weight of such scanning 
devices. 

Similarly, prior art "hold-under" and "hands-firee presentation" type CCD-based image 
scanners suffer ftrom shortcomings and drawbacks simUar to those associated with prior art 
CCD-based hand-held image scanners. 

Recently, there have been some technological advances made involving the use of laser 
illumination techniques in CCD-based image capture systems to avoid the shortcomings and 
drawbacks associated with using sodium-vapor illumination equipment, discussed above. In 
particular, US Patent No. 5,988,506 (assigned to Galore Scantec Ltd.), incorporated herein by 
reference, discloses the use of a cylindrical lens to generate from a single visible laser diode 
(VLD) a narrow focused line of laser light which fans out an angle sufficient to fully ifluminate a 
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code pattern at a working distance. As disclosed, mirrors can be used to fold the laser 
illumination beam towards the code pattern to be illuminated in the working range of the 
system. Also, a horizontal linear lens array consisting of lenses is mounted before a linear CCD 
image array, to receive diffused reflected laser light from the code symbol surface. Each single 
lens in the linear lens array forms its own image of the code line illuminated by the laser 
illumination beam. Also, subaperture diaphragms are required in the CCD array plane to (i) 
differentiate image fields, (ii) prevent diffused reflected laser light from passing through a lens 
and striking the image fields of neighboring lenses, and (iii) generate partially-overlapping 
fields of view from each of the neighboring elements in the lens array. However, while 
avoiding the use of external sodium vapor iUumination equipment, this prior art laser- 
iUuminated CCD-based intiage capture system suffers from several significant shortcomings and 
drawbacks. In particular, it requires very complex image forming optics which makes this 
system design difficult and expensive to manufacture, and imposes a number of undesirable 
constraints which are very difficult to satisfy when constructing an auto-focus/auto-zoom 
image acquisition and analysis system for use in demanding applications. 

When detecting images of target objects ifluminated by a cohei«it illumination source 
(fe.g. a VLD), "speckle"(i.e. substrate or paper) noise is typically modulated onto the laser 
illumination beam during reflection/scattering, and ultimately speckle-noise patterns are 
produced at the CCD image detection array, severely reducing the signal-to-noise (SNR) ratio of 
the CCD camera system. In general, speckle-noise patterns are generated whenever the phase 
of the optical field is randomly modulated. The prior art system disclosed in US Patent No. 
5,988,506 fails to provide any way of, or means for reducing speckle-noise patterns produced at 
its CCD image detector thereof, by its coherent laser illumination source. 

The problem of speckle-noise patterns in laser scanning systems is mathematicaUy 
analyzed in the twenty-five (25) slide show entitled "Speckle Noise and Laser Scanning 
Systems" by Sasa Kresic-Juric, Emanuel Marom and Leonard Bergstein, of Symbol 
Technologies, Holtsville, NY, published at http://www,W n^.^„ /i„H„c^'. y oo. 
2000/kresic/sldnni htm , and incorporated herein by inference. Notably, SUde 11/25 of this 



WWW publication summaries two generally weU known methods of reducing specklenoise by 
superimposing statistically independent (time-varying) speckle-noise patterns: (1) using 
multiple laser beams to iUuminate different regions of the speckle-noise scattering plane (i.e. 
object); or (2) using multiple laser beams with different wavelengths to illuminate the scattering 
plane. Also, the celebrated textbook by J.C. Dainty, et al, entitied "User Speckle and Related 
Phenomena" (Second edition), pubUshed by Springer-Verlag, 1994, incorporated herein by 
reference, describes a collection of techniques which have been developed by others over the 
years in effort to reduce speckle-noise patterns in diverse appUcation environments. 



Attorney Case No^^JtUSAOOO 



However, the prior art generally fails to disclose, teach or suggest how such prior art 
speckle-reduction techniques might be successfully practiced in laser illuminated CCD-based 
camera systems. 

Thus, there is a great need in the art for an improved method of and apparatus for 
illuminating the surface of objects during image formation and detection operations, and also 
an improved method of and apparatus for producing digital images using such improved 
methods object illumination, while avoiding the shortcomings and drawbacks of prior art 
illumiiiation, imaging and scanning systems and related methodologies. 

OBTECTS AND SUM MARY OF THE PRESENT TNVKMTTnM 

Accordingly, a primary object of the present invention is to provide an improved 
method of and system for illuminating the surface of objects during image formation and 
detection operations and also improved methods of and systems for producing digital images 
using such improved methods object iUumination, while avoiding the shortcomings and 

drawbacks of prior art systems and methodologies. 

Another object of tiie present invention is to provide such an improved method of and 
system for illuminating the surface of objects using a linear array of laser Ught emitting devices 
configured togetiier to produce a substantially planar beam of laser illumination which extends 
In substantially the same plane as the field of view of the linear array of electa-onic image 
detection cells of the system, along at least a portion of its optical path within its working 
distance. 

Another object of the present invention is to provide such an improved method of and 
system for producing digital images of objects using a visible laser diode array for producing a 
jlanar laser illumination beam for illuminating the surfaces of such objects, and also an 
electronic image detection array for detecting laser light reflected off the illuminated objects 
during illumination and imaging operations. 

Another object of the present invention is to provide an improved method of and system 
for illuminating the surfaces of object to be imaged, using an array of planar laser illumination 
modules which employ VLDs that are smaUer, and cheaper, run cooler, draw less power, have 
onger lifetimes, and require simpler optics (i.e. because the specti-al bandwidths of VLDs are 
very small compared to the visible portion of the electromagnetic spectrum). 

Another object of the present invention is to provide such an improved method of and 
system for illuminating the surfaces of objects to be imaged, wherein the VLD concentrates all 
of its output power into a thin laser beam illumination plane which spatially coincides exactly 
with the field of view of the imaging optics of tiie system, so very Bttle fight energy is wasted. 
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Another object of the present invention is to provide a planar laser iUumination and 
imaging (PLIIM) system, wherein the working distance of the system can be easily extended by 
simply changing the beam focusing and imaging optics, and without increasing the outpitf 
power of the visible laser diode (VLD) sources employed therein. 

Another object of the present invention is to provide a planar laser iUumination and 
imaging system, wherein each planar laser illumination beam is focused so that the minimum 
width thereof (e.g. 0.6 mm along its non-spreading direction) occurs at a point or plane which is 
the farthest object distance at which the system is designed to capture images. 

Another object of the present invention is to provide a planar laser iUumination and 
imaging system, wherein a fixed focal length imaging subsystem is employed, and the laser 
beam focusing technique of the present invention helps compensate for decreases in the power 
density of the incident planar illumination beam due to the fact that the width of the planar 
Wr iUumination beam increases for increasing distances away from the imaging subsystem. 

Another object of the present invention is to provide a planar laser iUumination and 
unaging system, wherein a variable focal length (i.e. zoom) imaging subsystem is employed 
and the las«. beam focusing technique of the present invention helps compensate for (i) 
decreases in the power density of the incident iUumination beam due to the fact that the width 
of the planar laser Ulumination beam (i.e. beamwidth) along the direction of the beam's planar 
extent increases for increasing distances away from the imaging subsystem, and (ii) any 1/r^ 
type losses that would typicaUy occur when using the planar laser Ulumination beam of the 
present invention. 

Another object of the present invention is to provide a planar laser Ulumination and 
imaging system, wherein scanned objects need only be iUuminated along a single plane whidi 
is coplanar with a planar section of the field of view of the image formation and detection 
module being used in the PLUM system. 

Another object of the present invention is to provide a planar laser Ulumination and 
imaging system, wherein low-power, light-weight, high-response, ultra-compact, high- 
efficiency soUd-state UluminaHon producing devices, such as visible laser diodes (VLDs), are 
used to selectively Uluminate ultra-narrow sections of a target object during image formation 
and detection operations, in contrast with high-power, low-response, heavy-weight, buUcy, low- 
efficiency Ughting equipment (e.g. sodium vapor Ughts) required by prior art Ulumination and 
image detection systems. 

Another object of the present invention is to provide a planar laser Ulumination and 
imaging system, wherein the planar laser Ulumination technique enables modulation of ti« 
spatial and/or temporal intensity of tiie transmitted planar laser Ulumination beam, and use of 
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simple (i.e. substantially monochromatic) lens designs for substantially monochromatic optical 
illummation and image formation and detection operations. 

Anotiier object of the present invention is to provide a planar laser illumination and 
imaging system, wherein special measures are undertaken to ensure tiiat (i) a minimum safe 
distance is maintained between the VLDs in each PUM and the user's eyes using a Ught shield, 
and (ii) flie planar laser Ulumination beam is prevented from directly scattering into tiie FOV of 
the image formation and detection module within tiie system housing. 

Another object of the present invention is to provide a planar laser iUumination and 
imaging system, wherein the planar laser illumination beam and the field of view of the image 
formation and detection module do not overlap on any optical surface within tite PLUM system. 

Another object of the present invention is to provide a planar laser Ulumination and 
imagmg system, wherein the planar laser Ulumination beams are permitted to spatially overlap 
witii the FOV of the imaging lens of flie PLIIM only outside of ihe system housing, measured at 
" particular point beyond ihe light tiransmission window, through which the FOV is projected. 

Another object of the present invention is to provide a planar laser illumination (PLIM) 
system for use in illuminating objects being imaged. 

Another object of ttie present invention is to provide a planar laser illumination and 
imaging system, wherein the monochromatic imaging module is realized as an array of 
electronic image detection cells (e.g. CCD). 

Another object of the present invention is to provide a planar laser illumination and 
imaging system, wherein ihe planar laser iUumination arrays (PLIAs) and ihe image formation 
and detection (IFD) module (i.e. camera module) are momited in strict optical aligmnent on an 
optical bench such that there is substantially no relative motion, caused by vibration or 
temperatiire changes, is permitted between the imaging lens witiun the IFD module and tiie 
VLD/ cylindrical lens assembUes within the PUAs. 

Another object of the present invention is to provide a planar laser Ulumination and 
"naging system, wherein the imaging module is realized as a photographic image recording 
module. 

Another object of the present invention is to provide a planar laser Ulumination and 
imaging system, wherein the imaging module is realized as .an array of electronic image 
detection ceUs (e.g. CCD) having short integration time settings for performing highspeed 

image caphire operations. 

Anotiier object of ihe present invention is to provide a planar laser Ulumination and 
mtagmg system, wherein a pair of planar laser Ulumination arrays are mounted about an image 
formation and detection module having a field of view, so as to produce a substantiaUy planar 
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laser illumination beam which is coplanar with the field of view during object iUumination and 

imaging operations. 

Another object of the present invention is to provide a planar laser illumination and 
imagmg system, wherein an image formation and detection module projects a field of view 
through a first light ti:ansmission apertiire formed in the system housing, and a pair of planar 
laser illumination arrays project a pair of planar laser illumination beams through second set of 
light transmission aperhires which are optically isolated from the first Ught transmission 
aperture to prevent laser beam scattering within the housing of the system. 

Another object of the present invention is to provide a planar laser iUumination and 
imaging system, the principle of Gaussian summation of Ught intensity distributions is 
employed to produce a planar laser illumination beam having a power density across the width 
the beam which is substantially the same for both far and near fields of the system. 

Another object of the present invention is to provide an improved method of and system 
for producing digital images of objects using planar laser iUumination beams and electronic 
image detection arrays. 

Another object of the present invention is tcpiovide an improved Method of and system 
for producing a planar laser iUumination beam to Uluminate the surface of objects and 
electronically detecting light reflected off the iUuminated objects during planar laser beam 
lilimunation operations. 

, Another object of the present invention is to provide a hand-held laser Uluminated 
unage detection and processing device for use in reading bar code symbols and other character 
Strings. 

Another object of the present invention is to provide an improved method of and system 
for producing images of objects by focusing a planar laser illumination beam within the field of 
view of an imaging lens so ti.at the minimum width thereof along its non-spreading direction 
occurs at the farthest object distance of the imaging lens. 

In,, n.. """^"^ °' ^ *° P'^^^^" P*^^ ^^^^ iUumination modules 

(PLE^) for use in elecfonic imaging systems, and methods of designing and manufacturing 
the same. ^ 

Another object of the present invention is to provide a Planar Laser Ulumination Module 
p™) for producing substantiaUy planar laser beams (PLIBs) using a Unear diverging lens 
havmg the appearance of a prism with a relatively sharp radius at the apex, capable of 
expandmg a laser beam in only one direction. 

Another object of the present invention is to provide a planar laser iUumination module 
LIM) comprising an optical arrangement employs a convex reflector or a concave lens to 
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spread a laser beam radially and also a cylindrical^ncave reflector to converge the beam 

Imearly to project a laser line. 

PLIM) comprising a visible laser diode (VLD), a pair of small cylindrical (i.e. PCX and PCV) 
lenses mounted within a lens barrel of compact construction, permitting independent 
adjustment of the lenses along both translational and rotational directions, thereby enabling the 
generation of a substantiaUy planar laser beam therefrom. 

Another object of the present invention is to provide a multi-axis VLD mounting 
assembly embodied within planar laser iUumination array (PUA) to achieve a desired degree 
of uniformity in the power density along the PUB generated from said PUA. 

Another object of the present invention is to provide a multi-axial VLD mounting 
assembly within a PUM so that (1) .he PLIM can be adjustably tilted about the optical axis of its 
VLD, by at least a few degrees measured from the horizontal reference plane as shown in Fig 

ZZZ"^^' '^'^ 

Another object of the present invention is to provide planar laser iUumination arrays 
^UAs) for use in electronic imaging systems, and methods of designing and manufacturing the 

Another object of the present invention is to provide a unitary object attribute (i e 
feature) acquisition and analysis system completely contained within in a single housing of 
compact lightweight constiiiction (e.g. less than 40 pounds). 

Another object of the pre^«nt invention is to provide such a unitary object attribute 
acquisition and analysis system, which is capable of (1) acquiring and analyzing in real-time 
the physical attributes of objects such as, for example, (i) the surface reflectivity characteristics 
of objects, (ii) geometrical characteristics of objects, including shape measurement, (iii) the 
motion (i.e. trajectory) and velocity of objects, as well as (iv) bar code symbol, textiial, and other 
mformation-bearing sti^ctiires disposed thereon, and (2) generating information structures 
repre^ntative thereof for use in diverse appUcations including, for example, object 
Identification, bracking, and/or hansportation/routing operations. 

Another object of the present invention is to provide such a unitary object attribute 
acquisition and analysis system, wherein a multi-wavelength (i.e. color-sensitive) Laser Doppler 
ttmagmg and Profiling (LDIP) subsystem is provided for acquiring and analyzing (in real-time) 
te physical attributes of objects such as, for example, (i) the surface reflectivity characteristics 
objects, (ii) geometiical characteristics of objects, including shape measurement, and (iii) the 
notion (i.e. trajectory) and velocity of objects. 
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Another object of the present invention is to provide such a unitary object attribute 
acquisition and analysis system, wherein an image formation and detection (i.e. camera) 
subsystem is provided having (i) a planar laser iUumination and imaging (PLIIM) subsystem, 
(ii) intelhgent auto-focus/auto-zoom imaging optics, and (ui) a high-speed electronic image 
detection array with height/velocity-driven photo-integration time control to ensure the 
capture of images having constant image resolution (i.e. constant dpi) independent of package 
Tieight 

Another object of the present invention is to provide such a unitary object attribute 
acquisition and analysis system, wherein an advanced image-based bar code symbol decoder is 
provided for reading l-D and 2-D bar code symbol labels on objects, and an advanced optical 
character recognition (OCR) processor is provided for reading textual information, such as 
alphanumeric character strings, representative within digital images that have been captured 
and lifted from the system. 

Another object of the present invention is to provide such a unitary object attribute 
acquisition and analysis system for use in the high-speed parcel, postal and material handling 
industttes. 

Another object of the present invention is to provide such a unitary object attribute 
acquisition and analysis system, which is capable of being used to identify, track and route 
packages, as well as identify individuals for security and personnel control appUcations. 

Another object of the present ii^vention is to provide such a unitary object attribute 
acquisition and analysis system which enables bar code symbol reading of linear and two- 
dimensional bar codes, OCR<ompatible image Ufting, dimensioning, singulation, object (e.g. 
package) position and velocity measurement, and label-to-parcel tracking from a single 
overhead-mounted housing measuring less than or equal to 20 inches in width, 20 inches in 
length, and 8 inches in height. 

Another object of the present invention is to provide such a unitary object attribute 
acquisition and analysis system which employs a built-in source for producing a planar laser 
illumination beam that is coplanar with the field of view (FOV) of the imaging optics used to 
form images on an electronic image detection array, thereby eliminating the need for large, 
:omplex, high-power power consuming sodium vapor lighting equipment used in conjunctioii 
ivith most industrial CCD cameras. 

Another object of the present invention is to provide such a unitary object attribute 
acquisition and analysis system, wherein the aU-in-one (i.e. unitary) construction simplifies 
installation, connectivity, and reliability for customers as it utilizes a single input cable for 
supplying input (AC) power and a single output cable for outputting digital data to host 
systems. 
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Another object of the present invention is to provide such a unitary object attribute 
acquisition and analysis system, wherein such systems can be configured to construct multi- 
sided tunnel-type imaging systems, used in airline baggage-handling systems, as well as in 
postal and parcel identification, dimensioning and sortation systems. 

Another object of the present invention is to provide such a unitary object attribute 
acquisition and analysis system, for use in (i) automatic checkout solutions installed within 
retail shopping enviromnents (e.g. supermarkets), (ii) security and people analysis appUcatiom, 
(m) object and/or material identification and inspection systems, as well as (iv) diverse 
portable, in-counter and fixed appUcations in virhial any industry. 

Another object of the present invention is to provide such a unitary object attribute 
acquisition and analysis system in the form of a high-speed package dimensioning and 
.denhhcation system, wherein the PLIIM subsystem projects a field of view through a first light 
transmission aperhire formed in the system housing, and a pair of planar laser iUumination 
beams tiurough second and third light transmission apertures which are optically isolated from 
the first light transmission aperture to prevent laser beam scattering witiun the housing of the 
system, and the LDIP sub^tem projects a pair of laser beams at different angles through a 
fourth light transmission aperture. 

Another object of the present invention is to provide a hilly automated unitary-type 
package identification and measuring system contained within a single housing or enclosure 
wherein a PUIM-based scamung subsystem is used to read bar codes on packages passing 
below or near the system, while a package dimensioning subsystem is used to caphire 
information about attributes (i.e. feahires) about the package prior to being identified. 

Another object of the present invention is to provide such an automated packagp 
Identification and measuring system, wherein Laser Detecting And Ranging (LADAR) based 
scammg methods are used to capture two^imensional range data maps of the space above a 
conveyor belt structure, and two-dimensional image contour tracing techniques and comer 
pomt reduction techniques are used to extract package dimension data therefrom. 

Another object of the present invention is to provide such a unitary system, wherein the 
package velocity is automaticaUy computed using package range data coUected by a pair of 
amplitude-modulated (AM) laser beams projected at different angular projections over the 
conveyor belt. 

Another object of the present invention is to provide such a system in which the lasers 
beams having multiple wavelengtiis are used to sense packages having a wide range of 
reflectivity characteristics. 
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Another object of the present invention is to provide an improved image-based hand- 
held scanners, body-wearable scanners, presentation-type scanners, and hold-under scanners 
which embody the PLUM subsystem of the present inventioa 

Anotfier object of the present invention is to provide a planar laser illumination and 
imagmg (PLUM) system which employs high-resolution wavefront control methods and 
devices to reduce the power of speckle-noise patterns within digital images acquired by the 
system. ^ 

Another object of the present invention is to provide such a FLUM-based system in 
which planar laser illumination beams (PUBs) rich in spectral-harmonic components on 'the 
time-frequency domain are optically generated using principles based on wavefront spatio- 
temporal dynamics. 

Another object of the present invention is to provide such a PLIIM-based system in 
which planar laser illumination beams (PLIBs) rich in spectral-harmonic components on 'the 
hme-frequency domain are optically generated using principles based on wavefront non-linear 
dynamics. 

Another object of the present invention is to provide such a PLIIM-based system in 
which planar laser iUumination beams (PLIBs) rich in spectral-harmonic components on 'the 
spatial-frequency domain are optically generated using principles based on wavefront spatio- 
temporal d5mamics. 

Another object of the present invention is to provide such a PLIIM-based system in 
which planar laser illumination beams (PLIBs) rich in spectral-harmonic components on the 
spatial-frequency domain are optically generated using principles based on wavefront non- 
linear dynamics. 

Another object of the present invention is to provide such a PLIIM-based system in 
which planar laser iUumination beams (PLIBs) rich in spectral-harmonic components are 
optically generated using diverse electro-optical devices mduding, for example, micro-electro- 
mechanical device (MEMs) (e.g. deformable micro-mirrors), optically-addressed Uquid crystal 
(LC) hght valves, Kquid crystal (LC) phase modulators, micio-osdllating reflectors (e.g. mirrors 
or spectirally-timed polarizing reflective CLC film material), microK>scillating refractive-type 
phase modulators, micro-osdllating diffractive-type micro-osdUators, as well as rotating phase 
modulation discs, bands, rings and the like 

Another object of tiie present invention is to provide a novel planar laser illumination 
and imaging (PLIIM) system and method which employs a planar laser iUmnination arrav 
(PLIA) and electionic image detection array which cooperate to effectively reduce the speckle- 
noise pattern observed at the image detection array of tiie PLIIM system by reducing or 
destiroying either (i) flie spatial and/or temporal coherence of the planar laser illumination 
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beams (PLIBs) produced by the PLIAs within the PLUM system, or (ii) the spatial and/or 
temporal coherence of the planar laser illumination beams (PLIBs) that are reflected/scattered 
off the target and received by the image formation and detection (IFD) subsystem within the 
PUIM system. 

Another object of the present invention is to provide a first generalized method of 
ipeckle-noise pattern reduction and particular forms of apparatus therefor based on reducing 
the spatial-coherence of the planar laser illumination beam before it iUuminates the target object 
by applying spatial phase modulation techniques during the transmission of the PUB towards 
the target. 

Another object of the present invention is to provide such a method and apparahis, 
Msed on the principle of spatiaUy phase modulating the transmitted planar laser iUumination 
beam (PLIB) prior to illuminaHng a target object (e.g. package) therewith so that the object is 
illuminated with a spatially coherent-reduced planar laser beam and, as a result, numerous 
substantially different time-varying speckle-noise patterns are produced and detected over the 
photo-integration time period of the image detection array (in the IFD subsystem), thereby 
allowing these speckle-noise patterns to be temporaUy averaged ^nd- possibly spatiaUy 
averaged over the photo-integration time period and the RMS power of observable speclde 
noise pattern reduced. 

Another object of the present invention is to provide a novel method of and apparatus 
for reducing the powe^ of speckle-noise patterns observable at the electronic unage detection 
array of a PLIIM-based system, wherein the method involves modulating the spatial phase of 
the composite-type "transmitted" planar laser Ulumination beam (PUB) prior to illuminating an 
object (e.g. package) therewith so that the object is illuminated with a spatially coherent- 
reduced laser beam and, as a result, numerous time-varying (random) speckle-noise patterns 
are produced and detected over the photo-integration time period of the image detection array 
in the IFD subsystem, thereby allowing these speckle-noise patterns to be temporaUy averaged 
and/or spatiaUy averaged and the observable speckle-noise pattern reduced. 

Another object of the present invention is to provide such a method of and apparatus for 
reducing the power of speckle-noise patterns observable at the electronic image detection array 
of a PLIIM-based system, wherein (i) the spatial phase of the transmitted PUB is modulated 
along the planar extent thereof according to a spatial phase modulation function (SPMF) so as to 
modulate the phase along the wavefront of the PUB and produce numerous substantiaUy 
different time-varying speckle-noise patterns to occur at the image detection array of the IFD 
Subsystem during the photo-integration time period of the image detection array thereof, and 
also (u) the numerous time-varying speckle-noise patterns produced at the image detertion 
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array are temporally and/or spatially averaged during the photo-integration time period 
thereof, thereby reducing the speckle-noise patterns observed at the image detection array. 

Another object of the present invention is to provide such a method of and apparatus for 
reducing the power of speckle-noise patterns observable at the electronic image detection array 
of a PLDM-based system, wherein the spatial phase modulation techniques that can be used to 
carry out the method include, for example: mechanisms for moving the relative 
position/motion of a cyUndrical lens array and laser diode array, including reciprocating a pair 
of rectilinear cylindrical lens arrays relative to each other, as well as rotating a cylindrical lens 
array ring structure about each PUM employed in the PUIM-based system; rotating phase 
modulation discs having multiple sectors with different refractive indices to effect different 
degrees of phase delay along the wavefront of the PUB transmitted (along different optical 
paths) towards the object to be iUuminated; acousto-optical Bragg-type cells for enabling beam 
steering using ultrasonic waves; ultrasonically-driven deformable mirror structures; a LCD-type 
spatial phase modvdation panel; and other spatial phase modulation devices. 

Another object of the present invention is to provide such a method and apparatus, 
wherem_tite transinitted planar laser iUumination beam (PUB) is spatially phase modulated 
along the planar extent thereof according to a (random or periodic) spatial phase modulation 
function (SPMF) prior to illumination of the target object with the PUB, so as to modulate the 
phase along the wavefront of the PUB and produce numerous substantiaUy different time- 
vrarying speckle-noise pattern at the image detection array, and temporally and spatially 
average these speckle-noise patterns at the image detection array during the photo-integration 
time period thereof to reduce the RMS power of observable speckle-pattern noise. 

Another object of the present invention is to provide such a method and apparatus, 
wherein the spatial phase modulation techniques that can be used to carry out the first 
generalized method of despeckling include, for example: mechanisms for moving the relative 
position/motion of a cylindrical lens array and laser diode array, including reciprocating a pair 
of rectilinear cylindrical lens arrays relative to each other, as weU as rotating a cylindrical lens 
MTay ring structure about each PUM employed in the PUIM-based system; rotating phase 
modulation discs having multiple sectors with different refractive indices to effect different 
degrees of phase delay along the wavefront of the PLIB transmitted (along different optical 
3aths) towards the object to be illuminated; acousto-optical Bragg-type cells for enabling beam 
steering using ultrasonic waves; ultrasonically-driven deformable mirror structures; a LCD-type 
spatial phase modulation panel; and other spatial phase modulation devices. 

Another object of the present invention is to provide such a method and apparatus, 
wherein a pair of refractive cylindrical lens arrays are micro-osdllated relative to each other in 
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order to spatial phase modulate the planar laser illumination beam prior to target object 
illumination. 

Another object of the present invention is to provide such a method and apparatus, 
wherein a pair of light diffractive (e.g. holographic) cylindrical lens arrays are micro-oscillated 
relative to each other in order to spatial phase modulate the planar laser Ulumination beam 
prior to target object illuminatioiv 

Another object of the present invention is to provide such a method and apparatus, 
wherein a pair of reflective elements are micro-osdUated relative to a stationary refractive 
cylindrical lens array in order to spatial phase modulate a planar laser illumination beam prior 
to target object illuminatioa 

Another object of the present invention is to provide such a method and apparahis, 
wherein the planar laser illumination (PLIB) is micro-oscillated using an acoustic-optic 
modulator in order to spatial phase modulate the PUB prior to target object illumination. 

Another object of the present invention is to provide such a method and apparatus, 
wherein the planar laser Ulumination (PUB) is micro-oscUlated using a piezo-electric driven 
deformable mirror structure in order to spatial phase modulate said PUB prior to target object 
Ulumination. 

Another object of the present invention is to provide such a method and apparatus, 
wherein the planar laser Ulumination (PLIB) is micro-oscUlated using a refractive-type phase- 
modulation disc in order to spatial phase modulate ^aid PLIB prior to target object 
Ulumination. 

Another object of the present invention is to provide such a method and apparatus, 
wherein the planar laser Ulumination (PUB) is micro-oscUlated using a phase-only type LCD- 
based phase modulation panel in order to spatial phase modulate said PLIB prior to target 
object illumination. 

Another object of the present invention is to provide such a method and apparahis, 
wherein the planar laser Ulumination (PLIB) is micro-oscUIated using a refractive-type 
cyUndrical lens array ring struchire in order to spatial phase modulate said PUB prior to target 
object iUiunination 

Another object of the present invention is to provide such a method and apparatus, 
wherein the planar laser iUumination (PLIB) is micro-osciUated using a diffractive-type 
cylindrical lens array ring struchire in order to spatial intensity modulate said PUB prior to 
target object illumination. 

Another object of the present invention is to provide such a method and apparatus, 
wherein the planar laser Ulumination (PUB) is micro-osciUated using a reflective-type phase 
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modulation disc structure in order to spatial phase modulate said PUB prior to target object 
illumination. 6 jcvi 

Another object of the present invention is to provide such a method and apparatus 
wherein a planar laser illumination (PUB) is micro-oscUlated using a rotating polygon lens' 
structiire which spatial phase modulates said PUB prior to target object iUumination 

Another object of the present invention is to provide a second generalized method of 
speckle-noise pattern reduction and particular forms of apparatus therefor based on reducing 
the temporal coherence of the planar laser iUumination beam before it illuminates the target 
obj^t by applying temporal intensity modulation techniques during the transmission of the 
PLIB towards the target. 

Another object of the present invention is to provide such a method and apparatus 
based on the principle of temporal intensity modulating the transmitted planar laser 
kllummation beam (PLIB) prior to illuminating a target object (e.g. package) therewith so that 
the object is illuminated with a spatially coherent-reduced planar laser beam and, as a result 
numerous substantiaUy different time-varying speckle-noise patterns are produced and 
letected over the photo-integration time period ot the image detection array (in the IFD 
subsystem), thereby allowing these speckle-noise patterns to be temporally averaged and 
>ossibly spatially averaged over the photo-integration time period and ihe RMS power of 
>bservable speckle-noise pattern reduced. 

Another object of the present invention is to provide a novel method of and apparatiis 
For reducmg the power of speckle-noise patterns observable at the electronic image detection 
irray of a PUIM-based system, wherein the mefliod involves modulating the temporal intensity 
rf the composite-type "ti-ansmitted" planar laser illumination beam (PUB) prior to illuminating 
« object (e.g. package) ti^erewith so that ti.e object is iUuminated with a temporaUy coheIen^ 
■educed laser beam and, as a result, numerous time-varying (random) speckle-noise patterns 
.re produced and detected over the photo-integration time period of the image detection array 
. ti^e IFD subsystem, thereby aUowing these speckle-noise patterns to be temporaUy averaged 
Id/or spahaUy averaged and the observable speckle-noise pattern reduced. 

Another object of tt.e present invention is to provide such a method and apparatiis 
herem the transmitted planar laser illumination beam (PUB) is temporal intensity modulated' 
nor to iUuminating a target object (e.g. package) therewith so that the object is iUuminated 
jti^ a temporaUy coherent-reduced planar laser beam and, as a result, numerous substantiaUy 
different time-varying speckle-noise patterns are produced and detected over the photc^ 
integration time period of the image detection array (in the IFD subsystem), thereby aUowing 
these speckle-noise patterns to be temporally averaged and/or spatiaUy averaged ^dZ 
observable speckle-noise patterns reduced. 
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Another object of the present invention is to provide a novel method of and apparahis 
for reducing the power of speckle-noise patterns observable at the electronic image detection 
array of a PUIM-based system, based on temporal intensity modulating the transmitted PUB 
prior to Illuminating an object therewith so that the object is Uluminated with a temporaUy 
coherent-reduced laser beam and, as a result, numerous timevarying (random) speckle-noi^ 
patterns are produced at the image detection array in the IFD subsystem over the photo- 
mtegration time period thereof, and the numerous time-varying speckle-noise patterns are 
temporally and/or spatially averaged during the photo-integration time period, thereby 
reduang the RMS power of speckle-noise pattern observed at the image detection array. 

Another object of the present invention is to provide such a method of and apparatus for 
reducing the power of speckle-noise patterns observable at the electronic image detection array 
of a PLIIM-based system, whereiri (i) the transmitted PLIB is temporal-intensity modulated 
bccordmg to a temporal intensity modulation (e.g. windowing) function (HMF) causing the 
^hase along the wavefront of the ti:ansmitted PUB to be modulated and numerous substantially 
different time-varying speckle-noise patterns produced at image detection array of the IFD 
Subsystem, and (u) the numerous time-varying speckle-noise patterns produced at the image 
detection array are temporally and/or spatially averaged during the photo-integration time 
penod thereof, tiieieby reducing the RMS power of RMS speckle-noise patterns observed (i.e. 
detected) at the image detection array. 

Another object of the present invention is to provide such a method of and apparahis for 
educmg the power of speckle-noise patterns observable at the electronic image detection array 
of a PUIM-based system, wherein temporal intensity modulation techniques which can be used 
to carry out the method include, for example: visible mode-locked laser diodes (MLLDs) 
employed in the planar laser Ulumination array; electro-optical temporal intensity modulation 
panels (i.e. shutters) disposed along tiie optical path of the transmitted PLIB; and other 
temporal intensity modulation devices. 

Another object of the present invention is to provide such a method and apparahis 
wherem temporal intensity modulation techniques which can be used to carry out the firsi 
generalized method include, for example: mode-locked laser diodes (MLLDs) employed in a 
planar laser iUumination array; electiically-passive opticaUy-reflective cavities affixed external 
to the VLD of a planar laser illumination module (PUM; electro-optical temporal intensity 
modulators disposed along tiie optical pati. of a composite planar laser illumination beam; laser 
beam frequency-hopping devices; internal and external type laser beam frequency modulation 
(FM) devices; and internal and external laser beam amplihide modulation (AM) devices 
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Another object of the present invention is to provide such a method and apparatus, 
wherein the planar laser illumination beam is temporal intensity modulated prior to target 
object illumination employing high-speed beam gating/shutter principles. 

Another object of the present invention is to provide such a method and apparatus, 
wherein the planar laser illumination beam is temporal intensity modulated prior to targei 
object illumination employing visft>le mode-locked laser diodes (MLLDs). 

Another object of the present invention is to provide such a method and apparatus, 
wherein the planar laser Ulumination beam is temporal intensity modulated prior to targei 
object illumination employing current-modulated visible laser diodes (VLDs) operated in 
accordance with temporal intensity modulation functions (TIMFS) which exhibit a spectral 
harmonic constihition that results in a substantial reduction in tiie RMS power of speckle- 
pattern noise observed at the image detection array of PLUM-based systems. 

Another object of the present invention is to provide a third generalized metiiod of 
speckle-noise pattern reduction and particular forms of apparaUis therefor based on reducing 
the temporal-coherence of the planar laser iUumination beam before it Uluminates the target 
object by applying temporal phase modulation techniques during the transmission of Ae PLK 
towards the target. 

Another object of the present invention is to provide such a method and apparahis 
Jased on the principle of temporal phase modulating the transmitted planar laser iUmnination 
beam (PLIB) prior to iUuminating a target object (e.g. package) therewith so that the object is 
illuminated with a temporal coherent-reduced planar laser beam and, as a result, numerous 
substantially different time-varying specklenoise patterns are produced and detected over the 
photo-integration time period of the image detection array (in the IFD subsystem), thereby 
allowing these speckle-noise patterns to be temporally averaged and possibly spatiaUy 
averaged over the photo-integration time period and the RMS power of observable speckle- 
aoise pattern reduced. 

Another object of the present invention is to provide a novel method of and apparahis 
for reducing the power of speckle-noise patterns observable at the electronic image detection 
array of a PLIIM-based system, wherein the method involves modulating the temporal phase of 
the composite-type "transmitted" planar iaser illumination beam (PLIB) prior to illuminating an 
object (e.g. package) tixerewith so that the object is iUuminated with a temporal coherent- 
reduced laser beam and, as a result, numerous time-varying (random) speckle-noise patterns 
are produced and detected over the photo-integration time period of the image detection array 
m the IFD subsystem, tiiereby aUowing these speckle-noise patterns to be temporaUy averaged 
and/or spatially averaged and the observable speckle-noise pattern reduced. 
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Another object of the present invention is to provide such a method and apparatus, 
wherein temporal phase modulation techniques which can be used to carry out the third 
generalized method include, for example: an optically-reflective cavity (i.e. etalon device) 
affixed to external portion of each VLD; a phase-only temporal intensity modulation panel; 
and fiber optical arrays. 

Another object of the present invention is to provide such a metiiod and apparatus, 
wherein the planar laser illumination beam is temporal phase modulated prior to target objeci 
illumination employing photon b-apping, delaying and releasing principles within an opticaUy 
reflective cavity (i.e. etalon) externally affixed to each visible laser diode within the planar laser 
illumination array 

Another object of the present invention is to provide such a metiiod and apparahis, 
wherein tiie planar laser illumination (PLIB) is temporal phase modulated using a phase-only 
type LCD-based phase modulation panel prior to target object iUumination 

Another object of the present invention is to provide such a method and apparahis, 
wherein the planar laser illumination beam (PLIB) is temporal phase modulated using a high^ 
density fiberoptic anray prior to target object illumination. 

Another object of tiie present invention is to provide a fourth generalized method of 
speckle-noise pattern reduction and particular forms of apparahis tiierefor based on reducing 
the temporal coherence of the planar laser illumination beam before it illuminates tiie target 
object by applying temporal frequency modulation techniques during the transmission of the 
^LIB towards the target. 

Anotiier object of the present invention is to provide such a method and apparahis, 
Jased on the principle of temporal frequency modulating ti>e transmitted planar laser 
Ulumination beam (PLIB) prior to illuminating a target object (e.g. package) ttierewitti so that 
the object is illuminated with a spatiaUy coherent-reduced planar laser beam and, as a result, 
numerous substantially different time-varying speckle-noise patterns are produced and 
detected over the photo-integration time period of the image detection array (in the BFD 
subsystem), thereby allowing these speckle-noise patterns to be temporaUy averaged and 
possibly spatially averaged over the photo-integration time period and the RMS power of 
observable speckle-noise pattern reduced. 

Another object of the present invention is to provide a novel method of and apparahis 
for reducing the power of speckle-noise patterns observable at the electronic image detection 
array of a PLIIM-based system, wherein the method involves modulating the temporal 
frequency of the composite-type "transmitted" planar laser illumination beam (PUB) prior to 
illuminating an object (e.g. package) ttierewith so that the object is illuminated witii a 
temporally coherent-reduced laser beam and, as a result, numerous time-varying (random) 
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speckle-noise patterns are produced and detected over the photo-integration time period of the 
image detection array in the IFD subsystem, thereby aUowing these speckle-noise patterns to be 
temporally averaged and/or spaHally averaged and the observable speckle-noise pattern 
reduced. 

Another object of the present invention is to provide such a method and apparatus 
wherein techniques which can be used to carry out the third generalized method include for 
example: junction-current control techniques for periodically inducing VLDs into a mode of 
frequency hopping, using thermal feedback; and multi-mode visible laser diodes (VLDs) 
operated just above their lasing threshold. 

Another object of the present invention is to provide such a method and apparatus 
wherein the planar laser illumination beam is temporal frequency modulated prior to target 
object Illumination employing drive-current modulated visible laser diodes (VLDs) into modes 
of frequency hopping and the like. 

Another object of the present invention is to provide such a method and apparatus 
wherein the planar laser illumination beam is temporal frequency modulated prior to target 
abject illumination employing multi-mode visible laser diodes (VLDs) operated just above their 
Rasing threshold. 

Another object of the present invention is to provide such a method of and apparatus for 
reducing the power of speckle-noise patterns observable at the electronic image detection amy 
of a PLIIM-based system, wherein the spatial intensity modulation technique that can be used 
to carry out the method include, for example: mechanisms for moving the relative 
bositxon/motion of a spatial intensity modulation array (e.g. screen) relative to a cylindrical lens 
array and/or a laser diode array, including reciprocating a pair of rectilinear spatial intensity 
modulation arrays relative to each other, as weU as rotating a spatial intensity modulation array 
rmg structure about each PLM employed in the PLIIM-based system; a rotating spatial 
mtensity modulation disc; and other spatial intensity modulation devices. 

Another object of the present invention is to provide a fifth generalized method of 
speckle-noise pattern reduction and particular forms of apparahxs therefor based on reducing 
the spatial-coherence of ti,e planar laser iUumination beam before it iUuminates the target object 
by applymg spatial intensity modulation techniques during the transmission of the PUB 
towards the target. 

Aiu-ther object of the present invention is to provide such a method and apparatus 
wherein the wavefront of the transmitted planar laser illuminaHon beam (PUB) i. spatially 
mtensity modulated prior to illuminating a targe, object (e.g. package) therewith so that 
object is muminated with a spatially coherent-reduced planar laser be«n and, as a result 
numerous substantiaUy different time-varying sp«.kl,.noise patterns are pr«luced and 
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detected over the photo-integration time period of the image detection array (in the IFD 
subsystem), thereby allowing these speckle-noise patterns to be temporally averaged and 
Possibly spatially averaged over the photo-integration time period and the RMS power of 
bservable speckle-noise pattern reduced. 

Another object of the present invention is to provide such a method and apparatus 
hevem spatial intensity modulation techniques can be used to carry out the fifth generalized 
iethod including, for example: a pair of comb-like spatial filter arrays reciprocated relative to 
lach other at a high-speeds; rotating spatial filtering discs having multiple sectors with 
-ansmission apertures of varying dimensions and different light transmittivity to spatial 
.tensity modulate the transmitted PLIB along its wavefront; a high-speed LCD-type spatial 
density modulation panel; and other spatial intensity modulation devices capable of 
lodulatang the spatial intensity along the planar extent of the PLIB wavefront. 

Another object of the present invention is to provide such a method and apparatiis 
'herem a pair of spatial intensity modulation (SIM) panels are micr(K>sciUated with respect to' 
le cyhndncal lens array so as to spatial-intensity modulate the planar laser iUumination beam 
*"^) prior to target object illumination. 

Another object of the present invention is to provide a sixth generalized method of 
ipeckle-noise pattern reduction and particular forms of apparahas therefor based on reducing 
he spatial-coherence of the planar laser illumination beam after it iUuminates the target by 
>pplymg spatial ii^ensity modulation techniques during the detection of the reflected/scattered 
LIB. 

Anottter object of the present invention is to provide a novel method of and apparatiis 
or reducmg the power of speckle-noise patterns observable at the electronic image detection 
»rray of a PLIIM-based system, wherein the method is based on spatial intensity modulating the 
:omposite-type "retixm" PUB produced by the composite PLIB illuminating and reflecting and 
cattermg off an object so that the rehim PUB detected by the image detection array (in the IFD 
subsystem) constitittes a spatially coherent-reduced laser beam and, as a result, numerous time 
'arymg speckle-noise patterns are detected over the photo-integration time period of the image 
letection array (in tite IFD subsystem), thereby allowing these time-varying speckle-noise 
patterns to be temppraUy and spatially-averaged and the RMS power of the observed speckle- 
noise patterns reduced. 

Another object of the present invention is to provide such a method of and apparatiis for 
reducmg the power of speckle-noise patterns observable at the electronic image detection array 
o a PLHM-based system, wherein (i) the retiim PUB produced by the transmitted PLIB 
Olummating and reflecting/scattering off an object is spatial-intensity modulated (along the 
dunensions of the image detection elements) according to a spatial-intensity modulation 
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function (SIMF) «, as to moduUte *e ph.se along U>e wavefton. of the compo^te remm PUB 
and pr«i„ce numa-ous subslanliaUy different Bme-varying spedde-noi^ patterns a, the image 
detection array inlhe IFD Subsystem, and also (ii) temporally and spaHaUy average L 
numerous time-varying speckle-noise patterns produced at the image detection array during 
the photo-integration time period thereof, fte^by reducing the RMS power of the speckle-nois. 
patterns observed at the image detection array. 

Another object of the present invention is to provide such a method and apparatus 
wherein the composite-type "rehan" PUB (produced when the transmitted PLIB iUuminates 
and reflects and/or scatters „« the target object) is spahal intensity modulated, constitudng a 
spahaUy coherent-reduced Us« Ught beam and, as a result, numerous time-varying speclL 
noise patten, are detected over the photo-integratton time period of tt,e image dete«ion arrav 
m the IPD subsystem, thereby allowing these lime-varying speckle-noise patterns to be 
temporally and/or spatiaUy averaged and the observable speckle-noise pattern reduced 

Another object of the present invention is to provide such a method and apparatus 
wherem the rehu„ planar laser iUuminadon beam is spatial-intensity modulated prior to 
detection at the image detector. 

Another object of the present invention is to provide such a method and apparatus 
wherein spatial intensity modulaHon techniques which can be used to carry out the sixth 
generalized method include, for example: high-speed electroK,ptical (e.g. ferro-electric, LCD 
etc.) dynamic spaSal filters, located before the image detector along the optical axis of Ih^ 
camera subsystem; physically rotating spadal filters, and any ofter spatial intensity modulation 
dement arnmged before the image detector along the optical axis of fte camera subsystem, 
through which the received PUB beam may pass during illuminaHon and image detection 
operations for spatial intensity modulation without causing optical image disfc,rtion at the 
image detection array. 

A^^other object of the present invention is to provide such a method of and apparatus for 
reducmg the power of spedde-noise patterns observable at the electrode image detection array 
of a PUIM-based system, wherein spatial intensity modulation techniques which can be used to 
carry out the method include, for example: a mechanism for physically or photo^ectronicallv 
rotatmg a spatial intensity modulator (e.g. apertures, irises, etc.) about the optical axis of the 
unagmg lens of the camera module; and any other axially symmetric, rotating spatial intensity 
modulation element arranged before the entrance pupU of the camera module, through whid, 
me received PLIB beam may enter at any angle or orientation during iUumination and image 
detection operations. ^ 

Another object of the present invention is to provide a seventh generalized method of 
.pecklenoise pattern reduction and particular forms of apparatus the^for based on reducing 
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the temporal coherence of the planar laser illumination beam after it illuminates the target by 
applying temporal intensity modulation techniques during the detection of the 
reflected/scattered PUB. 

Another object of the present invention is to provide such a method and apparatus 
therein the composite-type "return" PLIB (produced when the transmitted PUB illuminates 
and reflects and/or scatters off the target object) is temporal intensity modulated, constituting a 
temporally coherent-reduced laser beam and, as a result, numerous time-varying (random) 
speckle-noise patterns are detected over the photo-integration time period of the image 
detection array (in the IFD subsystem), thereby allowing these time-varying speckle-nobe 
patterns to be temporally and/or spatially averaged and the observable speckle-noise pattern 
reduced. This method can be practiced with any of the PLIM-based systems of the present 
invention disclosed herein, as well as any system constructed in accordance with the general 
principles of the present invention. 

Another object of the present invention is to provide such a method and apparahis 
wherein temporal intensity modulation techniques which can be used to carry out the method 
mdude, for example: high-speed temporal modulators such as electro-optical shutters, pupfls. 
and stops, located along the optical path of the composite return PUB focused by the IFD 
subsystem; etc. 

Another object of the present invention is to provide such a method and apparahas 
wherein the return planar laser illumination beam ^s temporal intensity modulated prior to' 
unage detection by employing high-speed light gating/switching principles. 

Another object of the present invention is to provide "hybrid" despeckling methods and 
apparatus for use in conjunction with PUIM-based systems employing linear (or area) 
electromc .mage detection arrays having vertically-elongated image detecHon elements ie 
tiavmg a high height-to-width (H/W) aspect ratio. 

Another object of the present invention is to provide a PLIIM-based system with an 
..tegrated specklepattem noise reduction subsystem, wherein a micro-osdUating cylindrical 
lens array micro-osciUates a planar laser iUumination beam (PLIB) laterally along its planar 
bxtent to produce spatial-incoherent PUB components and opticaUy combines and projects said 
.patiaUy-incoherent PLIB components onto the same points on the surface of an object to be 
Olummated, and wherein a micro-osdUating light reflecting structure micro-osdUates the PLB 
components transversely along the direction orthogonal to said planar extent, and a linear (ID) 
^age detection array with verticaUy-elongated image detection elements detects time-varying 
speckle-noise patterns produced by the spatially-incoherent components reflected/scattered^ 
the lUiuninated object. 
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Another object of the present invention is to provide PLHM-based system with an 
integrated speckle-pattern noise reduction subsystem, wherein a first micro-oscillating light 
reflective element micro-osciUates a planar laser illumination beam (PUB) lateraUy along its 
planar extent to produce spatially-incoherent PUB components, a second micro-oscillating light 
reflecting element micro-osciUates the spatially-incoherent PUB components transversely along 
the direction orfliogonal to said planar extent, and wherein a stationary cylindrical lens array 
optically combines and projects said spatially-incoherent PLIB components onto the same 
points on the surface of an object to be illuminated, and a linear (ID) image detection array with 
vertically-elongated image detection elements detects time-varying speckle-noise patterns 
produced by the spatially incoherent components reflected/scattered off the illuminated object. 

Another object of the present invention is to provide PLHM-based system witii an 
integrated speckle-pattern noise reduction subsystem, wherein an acousto-optic Bragg ceU 
micro-oscillates a planar laser illumination beam (PUB) laterally along its planar extent to 
produce spatially-incoherent PUB components, a stationary cylindrical lens array optically 
combines and projects said spatiaUy-incoherent PLIB components onto the same points on the 
surface of an object to be illuminated, and wherein a miao-oscillating light reflecting struchne 
micro-oscillates tiie spatially-incoherent PLIB components transversely along the direction 
orthogonal to said planar extent, and a linear (ID) image detection array witfi vertically- 
elongated image detection elements detects time-varying speckle-noise patterns produced by 
spatially incoherent PUB components reflected/scattered off the illuminated object 

Another object of the present invention is to provide PLIIM-based system with an 
integrated speckle-pattern noise reduction subsystem, wherein a high-resolution deformable 
mirror (DM) sbiictiire micro-oscillates a planar laser Ulumination beam (PUB) laterally along its 
planar extent to produce spatially-incoherent PLIB components, a micro-oscillating light 
reflecting element micro-oscillates the spatiaUy-incoherent PUB components transversely along 
tite direction orthogonal to said planar extent, and wherein a stationary cylindrical lens array 
optically combines and projects the spatially-incoherent PUB components onto the same points 
on tiie surface of an object to be illuminated, and a linear (ID) image detection array wifli 
vertically-elongated image detection elements detects time-varying speckle-noise patterns 
produced by said spatially incoherent PLIB components reflected/scattered off the iUuminated 
object. 

Another object of the present invention is to provide PLIM-based system witii an 
integrated speckle-pattern noise reduction subsystem, wherein a micro-osdUating cylindrical 
W array micro-oscillates a planar laser illumination beam (PUB) laterally along its planar 
extent to produce spatiaUy-incoherent PUB components which are optically combined and 
projected onto the same points on the surface of an object to be illuminated, and a micro- 
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oscillating light reflective stiiichire micr(M)scillates the spatially-incoherent PLIB components 
transversely along the direction orthogonal to said planar extent as well as the field of view 
(FOV) of a linear (ID) image detection array having verticaUy-elongated image detection 
elements, whereby said linear CCD detection array detects time-varying speckle-noise patterns 
produced by the spatially incoherent PLIB components reflected/scattered off the iUuminated 
object. 

Another object of the present invention is to provide PLHM-based system with an 
integrated speckle-pattern noise reduction subsystem, wherein a micro-oscillating cylindrical 
ens array micro-osdUates a planar laser iUumination beam (PLIB) laterally along its planar 
extent and produces spatially-incoherent PLIB components which are optically combined and 
Project onto the same points of an object to be iUuminated, a micro-oscillating light reflective 
stiiicture microoscillates transversely along the direction orti^ogonal to said planar extent, both 
LIB and the field of view (FOV) of a linear (ID) image detection array having vertically- 
elongated image detection elements, and a PLIB/FOV folding mirror projects the micro- 
oscillated PLIB and fov towards said object, whereby said linear image detection array detects 
time-varying speckle-noise patterns produced by the spatially incoherent PLIB components 
eflected/scattered off the illuminated object. 

Another object of the present invention is to provide PLIIM-based system witii an 
integrated speckle-pattern noise reduction subsystem, wherein a phase-only LCD-based phase 
modulation panel micro-osdllates a planar laser illumination beam (PLIB) laterally along Hs 
planar extent and produces spatially-incoherent PLIB components, a stationary cylindrical lens 
array optically combines and projects the spatially-incoherent PUB components onto the same 
points on the surface of an object to be illuminated, and wherein a micro-osdllating light 
reflecting structure micro-oscillates die spatiaUy-mcoherent PLIB components transversely 
along the direction ortiiogonal to said planar extent, and a linear (ID) CCD image detection 
array with vertically-elongated image detection elements detects time-varying speckle-noise 
patterns produced by the spatially incoherent PUB components reflected /scattered off the 
illtmiinated object. 

Anotiier object of the present invention is to provide PLHM-based system with an 
integrated speckle-pattern noise reduction subsystem, wherein a multi-faceted cylindrical lens 
array sfanirture rotating about its longitudinal axis within each PUM micro-osdllates a planar 
laser illumination beam (PLIB) laterally along its planar extent and produces spatially- 
incoherent PUB components ttierealong, a stationary cylindrical lens array optically combines 
and projects the spatiaUy-incoherent PLIB components onto the same points on the surface of an 
object to be iUuminated, and wherein a micro-oscUlating Ught reflecting structiire micrc^ 
osciUates the spatiaUy-incoherent PUB components transversely along the direction orthogonal 
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to said planar extent, and a linear (ID) image detection array with vertically-elongated image 
detection elements detects Hme-varying speckle-noise patterns produced by the spatially 
incoherent PUB components reflected/scattered off the illuminated object. 

Another object of the present invention is to provide PUlM-based system with an 
integrated speckle-pattem noise reduction subsystem, wherein a multi-faceted cylindrical lens 
array struchire within each PUM rotates about its longitudinal and transverse axes micro- 
oscillates a planar laser iUumination beam (PUB) laterally along its planar extent as well as 
transversely along the direction orthogonal to said planar extent, and produces spatially- 
mcoherent PUB components along said orthogonal directions, and wherein a stationary 
cylmdncal lens array opticaUy combines and projects the spatiaUy-incoherent PLIB components 
onto the same points on the surface of an object to be illuminated, and a linear (ID) image 
detection array with vertically-elongated image detection elements detects time-varying 
speckle-noise patterns produced by the spatially incoherent PUB components 
reflected/scattered off the illuminated object. 

Another object of the present invention is to provide PLIIM-based system with an 
integrated hybrid-type speckle-pattem noise reduction subsystem, whe«in^_high-speed 
temporal intensity modulation panel temporal intensity modulates a planar laser iUumination 
beam (PLIB) to produce temporally-incoherent PLIB components along its planar extent a 
stahonary cylindrical lens array opticaUy combines and projects the temporaUy-incoherent PUB 
components onto the same points^on the surface of an object to be Uluminated, and wherein a 
micro-oscillating light reflecting element micro-oscillates the PLIB transversely along the 
direction orthogonal to said planar extent to produce spatiaUy-incoherent PUB components 
along said transverse direction, and a linear (ID) image detection array with vertically- 
elongated image detection elements detects time-varying speckle-noise patterns produced by 
the temporally and spatially incoherent PLIB components reflected /scattered off the 
aivuninated object. 

Another object of the present invention is to provide PUIM-based system with an 
integrated hybrid-type speckle-pattem noise reduction subsystem, wherein an opticaUy- 
reflective cavity (i.e. etalon) extemally attached to each VLD in the system temporal phase 
modulates a planar laser illumination beam (PUB) to produce temporaUy-incoherent PUB 
components along its planar extent, a stationary cylindrical lens array opticaUy combines and 
Projects tiae temporally-incoherent PUB components onto the same points on the surface of an 
.bject to be iUuminated, and wherein a micro-oscillating light reflecting element micro- 
.sallates the PUB tiransversely along the direction orthogonal to said planar extent to produce 
>patiaUy-incoherent PUB components along said transverse direction, and a Unear (ID) image 
detection array with vertically-elongated image detection elements delects time-varying 
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speckle-noise patterns produced by the temporaUy and spatiaUy incoherent PLIB components 
reflected /scattered off the illuinirwted object. 

Another object of the present invention is to provide PLUM-based system with an 
integrated hybrid-type speckle-pattern noise reduction subsystem, wherein each visible mode 
locked laser diode (MLLD) employed in the PUM of the system generates a high-speed pulsed 
'i.e. temporal intensity modulated) planar laser illumination beam (PLIB) having temporally- 
incoherent PLIB components along its planar extent, a stationary cylindrical lens array optically 
combines and projects the temporally-incoherent PUB components onto the same points on the 
surface of an object to be iUuminated, and wherein a micro-oscillating light reflecting element 
micro-oscillates PLIB transversely along the direction orthogonal to said planar extent to 
produce spatially-incoherent PLIB components along said transverse direction, and a linear 
(ID) image detection array with vertically-elongated image detection elements detects time- 
varying speckle-noise patterns produced by the temporally and spatially incoherent PUB 
components reflected /scattered off the illuminated object. 

Another object of the present invention is to provide PUIM-based system with an 
integrated hybrid-type speckle-pattern noise reduction subsystem, wherein the visible laser 
diode (VLD) employed in each PLIM of the system is continuaUy operated in a frequency- 
hopping mode so as to temporal frequency modulate the planar laser iUumination beam (PUB) 
and produce temporally-incoherent PLIB components along its planar extent, a stationary 
cylindrical lens array optically combines and projects the temporaUy-incoherent PLIB 
components onto the same points on the surface of an object to be illuminated, and wherein a 
micro-oscillating light reflecting element micro-osciUates the PLIB transversely along the 
direction orthogonal to said planar extent and produces spatiaUy-incoherent PUB components 
along said transverse direction, and a linear (ID) image detection array with vertically- 
elongated image detection elements detects time-varying speckle-noise patterns produced by 
the temporally and spatial incoherent PUB components reflected/scattered off the illuminated 
object. 

Another object of the present invention is to provide PLUM-based system with an 
integrated hybrid-type speckle-pattern noise reduction subsystem, wherein a pair of micro- 
oscillating spatial intensity modulation panels modulate the spatial intensity along the 
wavefront of a planar laser iUumination beam (PUB) and produce spatially-incoherent PUB 
components along its planar extent, a stationary cylindrical lens array optically combines and 
projects the spatially-incoherent PLIB components onto the same points on the surface of an 
object to be illuminated, and wherein a microK)sdUating light reflective struchire miao 
osdllates said PUB transversely along the direction orthogonal to said planar extent and 
produces spatially-incoherent PLIB components along said transverse direction, and a linear 
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KftecW/scatteied off Iheillumtaated object "cofterent PUB components 

Anofter object of the present invention is to provide method of =nrf 
mounting a linear image sensor chip within a PLDM-Led sys^ o ^ 
Mween the fleld of view (FOV) of said li„., '^"™"* 
InuminaHon beam (PUB) usiri r ^'^ P'-"' 

^aidPUIM-basedsZ^ " """"^ '° *^ ~" <" 

of a«P««nl invention is to provide a novel metlwf , 
W image sensor chip relaHve to a heat sinking s^cj 7^.,^,"^'^ ' 
between the field of view ^OV^ f.( tu^- prevent any misalignment 

«u or view [tVV) of the image sensor chip and the PT lA j ,. . 

^ithin the came, subsystem, thereby improving the .LllT^^Z.^^ T 
dunngplanar laser ilJuminaHon and imaging operations PLDM-based system 

Mear i^e^^p emir;' T"" ^ " '"""^ ' ^'^^^ ^ <^ 

PUIM^JdZlt' n T"" ' "^"'^ ~ "0 the camera body of. 

wMea system via a novel image sensor mounting mechanism „hi,i, 

i!r r;~r : r °' - --rro/rrtsi^ 
- ^ Jmn..:r.itr:: — 

PUIM^ system in rlsponi to the Z^Z^^^ "T"^ ' 
so that each digital image of each object ^^.^^0 ^,7 T ' """^ 
substantiaHy uniform "white" ievei. regardlei of convey! ^U^p^T ' 
~ased image processh,g operations which S^l^^ZZ'^ t 
imageprocessingcomputersubsystem "^lu^Uy earned out by the 

Another object of the present invention is to provide such a meth~l K • 
control computer in the PUIM-based system perf^m^ the X>L^^ "'^ 
*e ophca, power (measured in milliwatts, which each VU, in T"^ 
produce in order that each H.Vit.i • m me fUIM-based system must 

substantially the sal f "^^T'^' ''"^-'^^ ^^^^^ »^ave 

iiymesame white level, regardless of conveyor belt speed- anH 
computed VLD optical power vahiP^c^ f« fi, • ^ transmits the 

PLIIM-based system ^ ^ -cro^ontroUer associated with each PLU in the 

Another object of the present invention is to provide a PLIIM h.^ . 
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(PLIMs), and a 2-D PLIB micro-osciUation mechanism arranged therewith for enabling both 
lateral and transverse micro-movement of the planar laser Ulumination beam (PLIB). 

Another object of the present invention is to provide a PLOM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bench and having a linear (ID) image sensor with 
vertxcaUy-elongated image detection elements characterized by a large height-to-width (H/W) 
aspect ratio, (ii) a pair of planar laser iUuminaHon modules (PLIMs) mounted on the optical 
bench on opposite sides of fl»e IFD module, and (iii) a 2-D PLIB micro-oscillation mechanism 
arranged with each PUM, and employing a micro-oscillating cylindrical lens array and a 
micro-osdllating PLIB reflecting mirror configured together as an optical assembly for the 
purpose of micro-oscillating the PUB lateraUy along its planar extent as weU as transversely 
along the direction orthogonal thereto, so that during illumination operations, the PLIB is 
spatial phase modulated along the planar extent thereof as well as along the direction 
orthogonal thereto, causing the phase along the wavefront of each transmitted PLIB to be 
modulated in two orthogonal dimensions and numerous substantially different time-varyin. 
^e-noise patterns to be produced at the verticaUy-elongated image detection elements of 
the IFD Subsystem during the photo-integration time period thereof, so that these numerous 
time-varying speckle-noise patterns can be temporally and spatially averaged during the photc 
mtegration time period of the image detection array, thereby reducing ti^e RMS power level of 
speckle-noise patterns observed at the image detection array. 

Another object of the present invention is to provide a PLHM-based system embodying 
an speckle-pattem noi^ reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bench and having a linear (ID) image sensor with 
vertically-elongated image detection elements characterized by a large height-to-width (H/W) 
aspect ratio, (ii) a pair of planar laser iUumination modules (PLIMs) mounted on the optical 
bench on opposite sides of the IFD module, and (iii) a 2-D PLIB micro-oscillation mechanism 
«r^ged with each PLIM, and employing a stationary PUB folding mirror, a micrcM>sdllating 
PUB reflecting element, and a stationary cylindrical lens array configured together as an optical 
assembly as shown for ti.e purpose of micro-osciUating the PUB laterally along its planar extent 
as weU as hransversely along the direction orti^ogonal thereto, so that during illumination 
operations, tixe PLIB transmitted from each PLIM is spatial phase modulated along the planar 
extent ti^ereof as weU as along ti.e direction orthogonal thereto, causing the phase along the 
wavefront of each tiansmitted PLIB to be modulated in two orthogonal dimensions and 
numerous substantially different time-varying speckle-noise patterns to be produced at the 
vertically-elongated image detection elements of the IFD Subsystem during the photo- 
mtegration time period thereof, so that these numerous time-vaiying speckle-noise patterns can 
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be temporally and spatiaUy averaged during the photo-integration time period of the image 
detection array, thereby reducing the RMS power level of speckle-noise patterns observed at the 
image detection array. 

Another object of the present invention is to provide a PLUM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bench and having a linear (ID) image sensor with 
verticaUy-elongated image detection elements characterized by a large height-to-widtii (H/W) 
aspect ratio, (ii) a pair of planar laser iUumination modules (PUMs) mounted on the optical 
bench on opposite sides of tf.e IFD module, and (iii) a 2-D PLIB micro-oscillation mechanism 
arranged with each PUM, and employing a microK,scillating cylindrical lens array and a micro- 
osdllating PUB reflecting element configured together as shown as an optical assembly for the 
purpose of micro-osciUating the PLIB laterally along its planar extent as well as transverselv 
along the direction orthogonal thereto, so that during illumination operations, the PLIB 
transmitted from each PLIM is spatial phase modulated along the planar extent thereof as well 
as along the direction orthogonal (i.e. hransverse) thereto, causing the phase along the 
waveftxmt of each ti-ansmitted PLIB to be modulated in two orthogonal dimensions and 
aumerous substantiaUy different time-varying speckle-noise patterns to be produced at the 
vertically-elongated image detection elements of the IFD Subsystem during the photo- 
mtegration time period titereof, so that these numerous time-varying speckle-noise patterns can 
be temporally and spatiaUy averaged during tiie photo-integration time period of the image 
detection array, thereby reducing the RMS power level of speckle-noise patterns observed at the 
image detection array. 

Another object of the present invention is to provide a PLHM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bench and having a linear (ID) image sensor with 
vrerticaUy-elongated image detection elements characterized by a large height-to-width (H/W) 
aspect ratio, (ii) a pair of planar laser iUumination modules (PLIMs) mounted on the optical 
bench on opposite sides of the IFD module, and (iu) a 2-D PLIB micro-osdUation mechanism 
arranged with each PLIM, and employing a micro-oscUlating high-resolution deformable mirror 
structure, a stationary PLIB reflecting element and a stationary cylindrical lens array 
configured together as an optical assembly as shown for the purpose of micro-osdUating the 
PLIB lateraUy along its planar extent as weU as tiransversely along the direction orthogonal 
thereto, so ti^at during Ulumination operation, the PUB transmitted from each PLIM is spatial 
phase modulated along tfte planar extent thereof as weU as along the direction ortitogonal (i e 
transverse) thereto, causing the phase along the wavefront of each transmitted PUB to be 
modulated in two orthogonal dimensions and numerous substantiaUy different time-varying 
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speckle-noise patterns to be produced at the verHcally-elongated image detection elements of 
the IFD Subsystem during the photo-integration Hme period thereof, so that these numerous 
time-varying speckle-noise patterns can be temporaUy and spatially averaged during the photo- 
integration time period of the image detection array, thereby reducing the RMS power level of 
speckle-noise patterns observed at the image detection array. 

Another object of the present invention is to provide a PLUM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bench and having a linear (ID) image sensor with 
verticaUy-elongated image detection elements characterized by a large height-to-width (H/W) 
aspect ratio, (ii) a pair of planar laser iUumination modules (PLIMs) mounted on the optical 
bench on opposite sides of the IFD module, and (iii) a 2-D PUB micro-oscillation mechanism 
arranged with each PLIM, and employing a micro-oscillating cylindrical lens array structure for 
micro-oscillating the PLIB laterally along its planar extend, a micro-oscillating PLIB/FOV 
refraction element for micro-osdllating the PUB and the field of view (FOV) of the linear image 
sensor transversely along the direction orthogonal to the planar extent of the PLIB, and a 
stationary PUB/FOV folding mirror configured together as an optical assembly as shown for 
the purpose of micro-oscillating the PUB lateraUy along its planar extent while micro-oscillating 
both the PLIB and FOV of the linear image sensor transversely along the direction orthogonal 
thereto, so that during illumination operation, the PUB transmitted from each PLIM is spatial 
phase modulated along the planar extent thereof as well as along the direction orthogonal (i^. 
transverse) thereto, causing the phase along the wavefront of each transmitted PUB to be 
modulated in two orthogonal dimensions and numerous substantiaUy different time-varying 
speckle-noise patterns to be produced at the vertically-elongated image detection elements of 
the IFD Subsystem during the photo-integration time period thereof, so that these numerous 
time-varying speckle-noise patterns can be temporaUy and spatiaUy averaged during the phoio- 
integration time period of the image detection array, thereby reducing the RMS power level of 
speckle-noise patterns observed at the image detection array. 

Another object of the present invention is to provide a PUIM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bench and having a linear (ID) image sensor with 
vertically-elongated image detection elements characterized by a large height-to-width (H/W) 
aspect ratio, (u) a pair of planar laser illumination modules (PLIMs) mounted on the optical 
bench on opposite sides of the IFD module, and (iii) a 2-D PUB micro-oscillation mechanism 
arranged with each PLIM, and employing a micro-osdllating cylindrical lens array structure for 
micro-oscillaHng the PLIB lateraUy along its planar extend, a micro-osdllating PUB/FOV 
reflection element for micro-osdllating the PUB and the field of view (FOV) of the linear image 
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sensor transversely along the direction orthogonal to the planar extent of the PUB, and a 
stationary PLIB/FOV folding mirror configured together as an optical assembly as shown for 
the purpose of micro-oscillating the PUB lateraUy along its planar extent while micro-osdnating 
both the PLIB and POV of the linear image sensor transversely along the direction orthogonal 
thereto, so that during illumination operation, the PUB transmitted from each PLIM is spatial 
phase modulated along the planar extent thereof as well as along the direction orthogonal 
thereto, causing the phase along the wavefront of each transmitted PLIB to be modulated in two 
orthogonal dimensions and numerous substantially different time-varying speckle-noise 
patterns to be produced at the verHcally-elongated image detection elements of the IFD 
Subsystem during the photo-integration ti^ne period thereof, so that these numerous time- 
varying speckle-noise patterns can be temporally and spatially averaged during the photo- 
integration time period of the image detection array, thereby reducing the RMS power level of 
speckle-noise patterns observed at the image detection array. 

Another object of the present invention is to provide a PLHM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formation and detection 
tIFD) module mounted on an optical bench and having a linear (ID) image sensor with 
vertically-elongated image detection elements characterized by a large height-to-width (H/W) 
aspect ratio, (ii) a pair of planar laser iUumination modules (PLIMs) mounted on the optical 
iench on opposite sides of the IFD module, and (iii) a 2-D PLIB micro-osciUation mechanism 
arranged with each PLIM, and employing a phase-only LCD phase modulation panel, a 
stationary cylindrical lens array, and a micro-osdllating PLIB reflection element, configured 
together as an optical assembly as shown for the purpose of micro-osdllating the PLIB laterally 
along its planar extent while micro-oscillating the PLIB transversely along the direction 
orthogonal thereto, so that during illumination operation, the PUB transmitted from each PUM 
is spatial phase modulated along the planar extent thereof as weU as along the direction 
orthogonal (i.e. transverse) thereto, causing the phase along the wavefront of each transmitted 
PUB to be modulated in two orthogonal dimensions and numerous substantiaUy diflerent time- 
varying speckle-noise patterns to be produced at the verticaUy-elongated image detection 
elements of the IFD Subsystem during the photo-integration time period thereof, so that these 
numerous time-varying speckle-noise patterns can be temporally and spatially averaged during 
the photo-integration time period of the image detection array, thereby reducing the RMS 
power level of speckle-noise patterns observed at the image detection array. 

Another object of the present invention is to provide a PUIM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bendi and having a linear (ID) image sensor with 
^vertically-elongated image detection elements diaracterized by a large height-to-width (H/W) 
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aspect ratio, (ii) a pair of planar laser illumination modules rPLIMc^ 
bench on opposite sides o£ the IFD module, and (iii)^tD Pr^^^ ~ 
arranged with each PLIM .nH . • ^ 2 D PUB micro-oscillaHon mechanism 

eleven. cc„«^«, J ^ ^^^.^ar: jy a im""' 
oscillating the PLIB l«tor,n . ' P^^^Po^^ "^'cro- 

PUB .^^^ ^ each PUM . ^.a, pt^^^^lL aZ ^7""" ''^ 
transmitted PUB to be modulated in H.n , ^ vvavefront of each 

«.^.«^va^:rrjpatrctrr— 

delecaon element „, fte IFD Subsyln, durine L h 7 ^^^'^''y-^'ongated hnage 

.Ha. .e. „„„.o. r r ^ 

averaged during fte photo-integrato toe period ofT " I ' ''"^"^ 

anspeCr::riz::;xr;c>:^^^^^^ 

l.n>, .odule mooted on an op«ca.U 1" ^ 3^ ^''°'' 
verScaUy^longated unage de.ec«on etenents characeri^d y a 1 K 3 T"' 
aspect r.Ho, <H, a pair o, pUnar laser mun™a«o„ JZl ffl^' he.ght.^w.d«. (H/W, 
-ch on opposite sides of fte IFD .od*, and (iii, a^D PI^^' "°T " "^'^ 
a^anged .0. eacH PUH ^ en.p,„^g a .iL' Is^i^^T^l-iriirr 
array structure (adapted for micro-osciUaHon about the oLal ! Tu ^ 
Ulununation beam and along the planar extent „f Jp ^ , '7 ^ ' "^^ 

ana^.^^^guredt^asanopticalassen^lyas! oJ;!^^^^ 

PUB Uteraay along its pUnar extent while IcroJ^^ t P^Tal "Tf^ 
^ orthogonal thereto, so that d^ing iI,„nUnaH„„ o^^ tL p!^« ^."^ 
aach PUM is spatial phase modulated aion. fK , transmitted ftom 

-ct^onorth^^.J^tpt^ri^ri:'^"'^^^ 
^ modulated in two orthoeonal Him. • . » ^^^^'^^'^t e^ch transmitted PUB to | r 

<p-d«K.isepat.e:tr;i:rti:::::T™^^ 

.elFDSubsystemduring^ephot^^rlirr^ZwrtT"'''"'"''^ i ' 
^e.no.paL..obse::Z::::::^-f ------erlevelot ^ 
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Another object of the present invention is to provide a PUIM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bench and having a linear (ID) image sensor with 
verticaUy-elongated image detection elements characterized by a large height-to-width (H/W) 
aspect ratio, (ii) a pair of planar laser iUumination modules (PLIMs) mounted on the optical 
bench on opposite sides of the IFD module, and (iii) a hybrid-type PLIB modulation 
mechanism arranged with each PLIM, and employing a temporal-intensity modulation panel, a 
stationary cylindrical lens array, and a micro-osdUating PUB reflection element configured 
together as an optical assembly as shown, for the purpose of temporal intensity modulating the 
UB uniformly along its planar extent while micro-osdllating the PUB transversely along the 
direction orthogonal thereto, so that during illumination operations, the PUB transmitted from 
each PUM is spatial phase modulated along the planar extent thereof during micro-oscillation 
along the direction orthogonal thereto, thereby producing numerous substantially different 
time-varying speckle-noise patterns at the verticaUy-elongated image detection elements of the 
IFD Subsystem during the photo-integration time period thereof, so that these numerous time- 
srarying speckle-noise patteriis can be temppraUy and spatiaUy averaged during the photo^ 
integration time period of the image detection array, thereby reducing the RMS power level of 
speckle-noise patterns observed at the image detection array. 

Another object of the present invention is to provide a PUIM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bench and having a linear (ID) image sensor with 
vertically-elongated image detection elements characterized by a large height-to-width (H/W) 
aspect ratio, (ii) a pair of planar laser illumination modules (PLIMs) mounted on the optical 
^ench on opposite sides of the IFD module, and (iii) a hybrid-type PLIB modulation 
mechanism arranged with each PLIM, and employing a temporal-intensity modulation panel, a 
stationary cylindrical lens array, and a micro-oscillating PUB reflection element configured 
together as an optical assembly as shown, for the purpose of temporal intensity modulating the 
"PLIB uniformly along its planar extent whUe micro-osdUating the PUB transversely along the 
direction orthogonal thereto, so that during Ulumination operations, the PLIB transmitted from 
each PLIM is spatial phase modulated along the planar extent theiwf during micro-oscillation 
along the direction orthogonal thereto, thereby producing numerous substantiaUy different 
time-varying speckle-noise patterns at the verticaUy-elongated image detection elements of the 
[FD Subsystem during the photo-integration time period thereof, so that these numerous time- 
varying speckle-noise patterns can be temporally and spatially averaged during the photo- 
integration time period of the image detection array, thereby reducing the RMS power level of 
speckle-noise patterns observed at the image detection array. 
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Another ob,ecl of the present invention is to provide a PUIM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formaHon and detection 
(IFD) module mounted on an optical bench and having . lin«r (ID) image sensor with 
vertrcaUy-elongated image detection elements characterized by a large height-to-width (H/W) 
aspect ratio, (u) a pair of planar laser iUumination modules (PUMs) mounted on the optical 
bench on opposite sides of the IFD module, and (iii) a hybrid-type PUB modulation mechanism 
arranged with each PUM, and employing a visible mode-locked laser diode (MLLD) a 
stahonary cylindrical lens array, and a micro-osdllating PUB reflection element configured 
together as an optical assembly as sho^v for the purpose of produdr-g a temporal intemity 
modulated PUB while micro-osdllating the PUB transversely along the direction orthogonal I 
.ts planar extent, so that during iUumir^tion operations, the PUB transmitted from each PUM 
spatial phase modulated along the planar extent thereof during micro-osdllaH«, along the 
d^ection orftogonal thereto, thereby produdng numerous substantially different time-varyin. 
speckle-noise patterns a. the verHcally-elongated image detection elements of the IFD 
Subsystem during the photo-integration time peri«l thereof, so that these numerous time- 
«'a.ymg speckle-noise patterns can be temporally and spatially averaged during fte phot,, 
mte^ation time period of the image detection array, thereby redudng the RMS power level of 
specklenoise patterns observed at the image detection array 

Another object of the present invention is to provide a PUIM-based system embodying 
an spedd^pattem noise reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bench and having a linear (ID) image sensor with 
verticaUy-elongated image detection elements d,aracterized by a large height-to-width (H/W) 
laspecl raho, (u) a pair of planar laser illumination m«iules (PUMs) mounted on the optical 
«nch on opposite sides of the IFD module, and (iii) a hybrid-type PUB modulation 
«ed«msm arranged with ead, PUM, and employing a visible laser diode (VU)) driven into a 
•gh-speed frequency hopping mode, a stationary cyltodrical lens array, and a micro-osdllating 
UB reflection dement configured togettKr as an optical assembly a, shown, for the purpose of 
•roducmg a temporal frequency modulated PUB while microK»dll.ting tt» PUB transversely 
ong a,e direction ora,ogonal to its planar extent, so that during illumination operations, tt,e 
UB transmitted from ead, PUM is spatial phase modulated along tt« planar extent tt«reof 
lurmg ™<--^nation along fl« direction orthogonal U»reto, U»reby produdng numerous 
.bstantially different time-varying sp«*l..noise patterns at tt„ vertically-etengated image 
etection elements of the IFD Subsystem during the photo-integration time period thereof „ 
ta, these numerous time-varying speckle-noise patterns can be temporally and spatiaUv 
.veraged during U,e photo-int^tion time period of tt» image detection array, thereby 
«duangtt«RMSpow.rIevelofspeckle™isepattenBob,ervedat«»imagedetection„Tay 
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Another object of the present invention is to provide a PLUM-based system embodying 
an speckle-pattern noise reduction subsystem, comprising (i) an image formation and detection 
(IFD) module mounted on an optical bench and having a linear (ID) image sensor with 
vertically-elongated image detection elements characterized by a large height-to-width (H/W) 
aspect ratio, (ii) a pair of planar laser illumination modules (PUMs) mounted on the optical 
Wh on opposite sides of the IFD module, and (iii) a hybrid-type PUB modulation 
mechanism arranged with each PLIM, and employing a micro-oscillating spatial intensity 
modulation array, a stationary cylindrical lens array, and a mioro-oscUlating FLIB reflection 
element configured together as an optical assembly as shown, for the purpose of producing a 
spatial intensity modulated PLIB while micro-osdllating the PUB transversely along the 
direction orthogonal to its planar extent, so that during illumination operations, the PUB 
transmitted from each PLIM is spatial phase modulated along the planar extent thereof during 
micro-oscillation along the direction orthogonal thereto, thereby producing numerous 
substantially different time-varying speckle-noise patterns at ti.e vertically-elongated image 
detection elements of the IFD Subsystem during the photo-integration time period thereof so 
that these numerous time-varying speckle-noise patterns can be lemporally and spatillhr 
averaged during the photo-integration time period of the image detection array, thereby 
reducmg the RMS power level of speckle-noise patterns observed at the image detection array 

Another object of tfie present invention is to provide a based hand-supportable linear 
imager which contains witiun,its housing, a PLHM-based image capture and processing engine 
comprising a dual-VLD PLIA and a 1-D (i.e. linear) image detection array witi. verticaUy- 
elongated image detection elements and configured within an optical assembly that operates in 
accordance with the first generalized method of speckle-pattern noise reduction of the present 
mvenhon, and which also has integrated with its housing, a LCD display panel for displaying 
.mages captiu-ed by said engine and information provided by a host computer system or other 
nformahon supplying device, and a manual data entiy keypad for manually entering data into 
le unager during diverse types of information-related transactions supported by the PUIM- 
•ased hand-supportable imager. 

Another object of the present invention is to provide a manually-activated PLHM-based 
hand-supportable linear imager configured with (i) a linear-type image formation and detection 
(IFD) module having a linear image detection array with vertically-elongated image detection 
elements and fixed focal length/fixed focal distance image formation optica, (ii) a manuaUy- 
achiated bigger switch for manually activating tiie planar laser illumination arrays (driven by a 
set of VLD driver circuits), the linear-type image formation and detection (IFD) module the 
image frame grabber, the image data buffer, and tfie image processing computer, via the camera 
contirol computer, upon manual activation of the trigger switch, and capturing images of objects 
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O e. beanng bar code symbob and „te graphical indicia) *r™.gh fte flx«l focal lengft/fixad 
ocal d.u„ce unage fonnaHon cp«cs. and (iii, a LCD display pa,„, ^ . aa.a eniry ke™ d^ 

suppor.mgdrv«,e.ypesof.r,n«c««»usi„gtt„PUIM-ba«dl«nd^p„r.ableIJ^^ 
'^°'''"*^'"°''^P'«-"'»v»«onistop,ovideanautomaacally-acavaLpLm^ 

detec^on (TO, module ha^g a linear image de.ec«on array w«h verHca,ly.,„„g.w image 

IR-ba«d „b,ec delecnon subsystem wittun its hand-supportable housing ,„r ZonlL 
achva.„g upon detec«o„ of an objec. in i^ K-based „b,ec. detection Jd, a,e p W ^ 

^ (TO, module, as well as «,e image ftame g„bber, tt,e image date buffer, and ^ 
m«ge pjocessmg computer, via fte camera conW computer, ,ii, a m=nuaUy-ao«va.ab,e sJl 
or enablmg .ansmission o, symbol ch^acter date te a host computer systeL upon deccZ^ 
^ode symbol within a captured image frame, and (iii, a LCD display panel a^d a da:!l 
^d for supportmg diverse types of transactions using th. PLDM-based hand^pportabfe 

Another object of the present i„ven«on is to provide automaHcally-aCivated PLmi. 

toec^n (TO, module havmg a bnear image detec«o„ array wiU, verticaUy-elongated image 
^on elements and fixed focal length/fixed focal distence image formation ojs^, 

allTT ""^ --''-PPo-We housing for auC«i 

«hvatmg punar User OluminaHon arrays into a Am-power mode of operatior, the linZ 

^r3 1°™""°" '-^^ i-Se date 

uft^ and the .mage processing computer, via the camera control computer, upon auLtic 

r^r- r " ''"'""'^ "''^ » -"^y-acivatabbtr 

or enabhng ^mission of symbol character date to a host computer systl upon del^^ 

symbol , captured image frame; and (iv, a ITD dispUy pane, a^ , 

^d for supportmg diverse types of transacHons using the PUIM^ased hand-supp.^,^ 

Another object of the present invention is to provide an automaticafly-activated PLIIM. 

detechon (TO, module havmg a linear image detection array «^th ver«caUy^l„„g,ted image 
detectron elements and fixed focal .enga,/fixed focal distence image formaL l^IZ 
amb.ent.Ugh. driven object detecHon subsystem within ite hand^upportaWeT^^^ 
^^hcaay acHva^ng the planar laser iUumination a.ays (driven l^a set JZlZ 
cuouts), the imear-type image ft,rma.io„ and detection (TO, m«,„le, the image frame grawT 
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the .mage daU buffer, a™i tt» image processmg computer, via the camera control computer 
upon automatic detection of an object via ambienWight detected by object detecHon field 
enabled by fte image sensor within the IFD module, (iu) a manually-«sivatable switch for 
enabhng transmission of symbol character data to a host computer system upon decoding a bar 
code symbol within a captured image frame, and (iv) a LCD display panel and a data entry 
l^d for supporting dive«e types of transactions using the PLDM-based hand-supportable 

Another object of the present invention is to provide an automaticaUy-activated PUIM- 
based har^pportable linear imag„ configured with (i) a linear-type image formation and 
detect^n (IPD) module having a linear image detection array with vertically-elongated image 
detection elements and fixed focal length/fixed focal distance image formation optics, (U) Z 
automatic bar code symbol detection subsystem within its hand-supportable housing for 
automafically activating the image pnxessing computer for decode-processing upon automatic 
detection of an bar code symbol within its bar code symbol detection field enabled by the imaee 
^nsor Within the ITD module, (iii) a manually-activatable switch for enabling transmission of 
symbol character data to a host computer system upon decoding a bar code symbol within a 
^ptur«i image frame, and (iv) a ICD display panel and a data entry keypad for supporting 
diverse types of transactions using the PUIM-based hand-supportable imager. 

Another object of the present invention is to provide a manuaUy-acfivated PUIM-based 
rf-suivortable linear imager configured with (i) a linear-type lm,ge fonnation and detection 
JFD) module having a linear image detecHon array with verfically-elongated image detection 
"Jements and fixed fbcal length/variable focal distance image formation optics, (ii) a manually- 
ictuated trigger switch for manuaUy activating the planar laser illumination amys (driven by a 
^t of VLD driver circuits), the linear-type image formadon and detecHon (IFD) module the 
'=ige frame grabber, the image data buffer, and the image processing computer, via the camera 
»nlrol computer, upon manual acSvaHon of the trigger switch, and caphiring images of objects 
«. bearmg bar code symbols and other graphical indicia) through the fixed focal length/fixed 
local d^tance image fbrmaHon optics, and (iii) a LCD display panel and a data entry keypad for 
upporbng diverse types of transactions using the PLllM-based hand-supportable imager 

Another object of the present invenHon is to provide an automaHcally-activated PLIIM- 
«sed hand-supporteble linear imager configured with (i) a linear-type image formadon and 
etecbon (IFD) module having a linear image detecHon array with verHcally-elongated image 
tetecfl<m elements and fixed focal length/variable focal dist^ice image formaHon opHcs, (ii) „ 
R-tased object detection subsystem wiUiin its hand-supportable housing fbr automaHcaUy 
^vahng upon detecHon of an object in its IR-based object detection field, the planar las« 
Summation arrays (driven by a se. of VID driver drcuits), the linear-type hnage formaHon and 
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detection (IFD) module, as weU as the taage frame grabber, the image data b««er, and 
■mage pr«:es^g computer, via the camera control computer, (U) a manuaUy-activatable switch 
or enabling tnmsmission of symbol chara«er data to a host computer system upon decoding a 
bar code symbol within a captured image fame, and (iu) a LCD display panel and a data entv 
teypad for supporting diverse types of transactions using the PLDM-based hand-supportable 

Another object of the present invention is to provide an automatically-activaled PLUM- 
based hand-supportable linear imager configured with (i) a linear-type image formation and 
detection (IFD) module having a linear image detection array with verHcaUy-elongated image 
detechon elements and fixed focal length/variable focd distance image formaSon optics, (ii) a 
laser-based object detection subsystem within its hand-supportable housing for automatically 
achvating the planar laser Ulumination arrays into a ftUl-power mode of operaHon, the linear- 
^ image formation and delecHon (IFD) module, the image frame grabber, .he image dau 
buffer, and the image processing computer, via the camera conM computer, upon automatic 
detechon of an object in its laser-based object detection field, (iii) a manually-activatable switah 
en*li„g t,«»mi,don of symbol character d,ta t,.^ost computer system upon decoding a 
«r code symbol within a captured image ftame, and (iv) a LCD display panel and a daZL 
l^ad for supporting diverse types of transacfions using the PLDM-based hand-supportable 

Another object of the present invention is to provide an automatically-activated PLIIM- 
teed harrf^pportable linear imager configured with (i) a linear-type image formation and 
detect.™, (IFD) m«Iule having a linear image detection array with vertically-elonga.«I image 
detect, on elements and fixed focal length/variable focal distance image formation optics, (u) Z 
amb,ent.light driven object detecHon subsystem within its hand-supportable housing for 
automatically activating the planar laser iUuminaHon arrays (driven by a set of VLD driver 
cucmts), the linear-type image formation and delecBon (IFD) module, the image fame grabber 
the m«ge data bufier, and image processing computer, via the camera cont,»l compute' 
upon automatic detection of an object via ambient-light detected by object detecfion field 
enab ed by the image sensor within the IFD module, and (iu) a manually-acfivatable switah fa 
enabhng ttananission of symbol character daU to a host computer system upon dec«li„g a bar 
code symbol within a captured image frame. 

Another object of the present invention is to provide an automaticaUy-activated PLIIM- 

n'^rTr""'" <" ^ ""'"-^^ ^ '°'«««on and 

detechon iWD) module having a linear image detecHon array with verticaUy-elongated image 
detectton elements and fixed focal length/variable focal distance image formation optics, (U) 1 
.utomafc bar code symbol detection subsystem wia,in its hand-supportable housing fc. 
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r r 7 '^'^ """P"'" *" O-^-P"---? upon aueo„.«c 

delecon of an bar code symbol wiAta its bar code symbol detection field enabled by the imaee 

.en^r Within m> module, (iii, a manuaUyadvatabte switch for enabling transmission o, 
symbol character data to a host computer system upon decoding a bar code symbol within a 
captur«l m«ge ftame, and (iv) a LCD display pa.»l and a data ent^ keypad for supporting 
drveise types of transactions using the PUIM-based hand-supportable imager 

present invention is to provide a manually-acavatedPLIIM-based 
hand-supportable linear imager conagur«J with (i) a linear-type image fonnadon and detec«on 

(TO) module havmg a linear image detection array with vertically-elongated image detection 
eleme,,^ and variable focal leng«,/v.riable focal distance image formation opHcs, (ii, a 
nunually-actuated trigger switch for manually activating tt« planar laser illumination arrays 
(drwe^ by a set of VLD driver dn^its), tt» linear-type image formation and detection 
module, the m«ge frame grabber, tt,e image data buffer, and the image processing computer 
L 7'~' "P" — ' activation of B,e mgger switch, and captimng 
rr wT '^^'"^^ »<• other graphical indicia) through I Axed 
ocal lenga,/fixed food dis.,«. image f.™.«™, opUcs, and (iii, a ICD display panel and a 
data ent^ keypad for supporting diverse types of ti^cti«^ ^ a« PUIM-b^ hand- 
supportable imager. 

AnoU«r object of tt« present invention is to provide an automatically-activated PUIM- 
ased hand^pportable linear imager configured wiU, ,i) a linear-type hnage formation and 
etection OPD, module having a linear image detection array with verticallylngated image 
detection elements and variable focal lengti,/variab.e focal distance image formation optics, (ti, 
an IR-based object detection subsystem within its hand-supportable housing for automatically 
activating upon detection of an object in its K-based object detection field, a.e planar las« 

detection (IFD) module, as well as a,e image frame grabber, the image data buffer, and tt» 
unage processing computer, via «,e camera contiol computer, (ii, a manuaUy.activati>ble switi* 
for enabhng tr««mission of symbol character data to a host computer system upon decoding a 
ar code symbol within a captirred image fame, and (iii, a LCD display panel and a data entiy 
l^d fbr supporting diverse types of tiansactions using tt„ PLDM-based hand^upporta* 

Another ol^ect of tt>e present invention is to provide an automatically-activated PUIM- 

1" tiot^TOTdTK"""' "^^'^ ' "^"^ 

detection (TO, m«lule havmg a Unear image detection array with vertically-elongated image 

detection etem«,ts and variable focal lengtt,/variable f<.al distimc* image formation optics, L 

a User-based object detection subsystem within its h.nd.«.ppor.abfe housihg ,„r aut^LticHy 
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activating the planar laser illumination arrays into a fuU-power mode of operation, the linear- 
type image formation and detection (IFD) module, the image frame grabber, the image data 
u^fer, and the image processing computer, via the camera control computer, upon automatic 
detection of an object in its laser-based object detection field, (iii) a manually-activatable switch 
or enabling transmission of symbol character data to a host computer system upon decoding a 
.ar code symbol within a captured image frame, and (iv) a LCD display panel and a data enL 
keypad for supporting diverse types of transactions using the PLOM-based hand-supportabie 
imager. 

Anofter object of the present invention is to provide an automalicaUy.activa.ed PUIM- 
based hand-supportable linear imager configured with (i) a linear-type image formation and 
detection (IFD) module having a linear image d^ection array with vertically-elongated in,age 
deteci^ element, and variable focal length/variable focal distance image formation optics (U, 
an ambient-light driven object detection subsystem within its hand-supportable housing for 
automaticaUy activating the planar User illmnination arrays (driven by a set of VID driver 
.nrcurts). the Hmar-type image formation and detection (IFD) module, the image frame grabber 
>he m»ge dal. buff^, and the image processing computer, via a» camera control computer' 
upon automatic detection of an object via ambient-Ught detected by object detection fieid 
enab ed by the image sensor within the IFD module, (iii) a manually-activatable switch for 
enablmg transmission of symbol character data to a host computer system upon decoding a bar 
:ode symbol within a caphu«l hnage fame, and (iv) a LCD display panel and a data entry 
k^d for supporting diverse types of transactions using the PUIM-based hand-supportable 

Another object of the present invention is to provide an automabcaUy-activated PUM- 
.ased hand-supportable linear imager configured with (1) a Unear-type image formation and 
detecu™, (IFD) module having a linear image detection array ™th vertically-elongated image 
detection elements a^I variable focal length/variable focal distance image formation optics, (fl) 
«. automaHc bar code symbol detection subsystem within its hand-supportable housing for 
automaticlly acHvating the image processing computer (or decode-processing upon automatic 
detection of an bar code symbol within its bar code symbol detection field enabled by the image 
»nsor Within the IFD module, (iii) a manually-ac.iva.able switch for enabling fansmission of 
symbol character data to a host computer system upon decoding a bar code symbol within a 
captored image frame, and (iv) a LCD display panel and a data en.ry keypad for supporting 
diverse types of transactions using the FLDM-based hand-supportable imager. 

Another object of the present invenHon is to provide a PUIM-based image captore and 
tocessmg engine for use in a hand-supportable imager. 
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Another object of the present invention is to provide a PLDM-based image capture and 
processing engine for use in the hand-supportable imagers, presentation scanners, and the like 
comprising PLIAs, and IFD (i.e. camera) subsystem and associated optical components 
mounted on an optical-bench/multi-layer PC board, contained between the upper and lower 
portions of the engine housing. 

Another object of the present invention is to provide a PUIM-based hand-supportable 
inear imager which contains within its housing, a PLHM-based image capture and processing 
engine comprising a dual-VLD PLIA and a linear image detection array with vertically- 
elongated image detection elements configured within an optical assembly that provides a 
despeckling mechanism which operates in accordance with the first generaUzed method of 
speckle-pattern noise reduction. 

Another object of the present invention is to provide a PLUM-based hand-supportable 
linear imager which contains within its housing, a PLUM-based image capture and processing 
engine comprising a dual-VLD PLIA and a linear image detection array having vertically- 
elongated image detection elements configured within an optical assembly which provides a 
despeckling mechanism that operates, in. accordance with the first general!^ method of 
speckle-pattern noise reduction. 

Another object of the present invention is to provide a PLlIM-based image caphire and 
processing engine for use in the hand-supportable imagers, presentation scanners, and the like 
comprising a dual-VLD PLIA and a linear image detection array having verticaUy-eloitgated 
image detection elements configured within an optical assembly which employs high-resolution 
deformable mirror (DM) structure which provides a despeckling mechanism that operates in 
accordance with the first generalized method of speckle-pattern noise reduction. 

Another object of the present invention is to provide a PLDM-based image capture and 
processing engine for use in the hand-supportable imagers, presentation scanners, and the like 
comprising a dual-VLD PLL^ and a hnear image detection array having vertically-elongated 
image detection elements configured within an optical assembly that employs a high-resolution 
phase-only LCD-based phase modulation panel which provides a despeckling mechanism that 
operates in accordance with the first generalized method of speckle-pattern noise reduction. 

Another object of the present invention is to provide PLDM-based image capture and 
processing engine for use in the hand-supportable imagers, presentation scanners, and the like 
comprising a dual-VLD PLIA and a linear image detection array having verticaUy-dongated 
image detection elements configured within an optical assembly that employs a rotating multi- 
faceted cylindrical lens array structure which provides a despeckling mechanism that operates 
m accordance with the first generalized method of speckle-pattern noise reduction. 
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Another obj«* of tt« pres«>t invention i, to provide a I>LIIM*ased im.ge capture and 
processing engine for use in the hand^pportable imagers, presentation scanners, and the liXe 
compri^g a dual-VLD PUA and a li«ar image detection array having verticaUy^longated' 
.mage detection elements configured within an optical assembly that employs a high-speed 
temporal mtensity modulation panel (U. optical shutter) which provides a despecldin« 
mechanism that operates in accordance ™th the second g««ralized method of spedde-pattem 
noise reduction. ^ 

Another object of the present invention is to p«vide a PUW-based image capture and 
proce^mg engine for use in the harKl-supportable imagers, presentation scanners, and ti» like 
compr^mg a dual-VU, PUA and , linear image detecti™. array having ver«cally.,ongated 
unage detecti^, elements configured within an optical assembly that employs visible mode 
locked laser diode (MLlDs) which provide a despeckling mechamsm that operates in 
accorda^e with the secomi mettKKi generalized method of speckle-pattern noise reduction 

Another object of the present invention is to provide a PLflM-based image caph>re and 
processmg engine for use in the hand-supportable imagers, presentation scanners, and the like 
compri^g . dual-VlD PUA and a linear hnage detection array having verticaUy^ongated 
.mage detection elements configured within an optical assembly that employs an opticaUy- 
reflechve temporal phase modulating structure (i.e. etalon) which provides a desLklii 
mechanism tt«t operates in accordance witi, the Uurd generalized mea«Kl of speckle-pattern 
noise reduction. ^ ^ 

Another object of the present invention is to provide a PUIM-based image capture a«l 
pnx^ssing engine for use in the hand-supportable imagers, presentation somners, and a» like 
oompri^ a dual-VLD PUA and a linear image detection array having verticaUy-elongated 
.mage detection elements configured within an optical assembly U,a, employs a pair of 
reaprocating spatial intensity modulation panels which provide a despeckling mechanism that 
^2." """""^ """^ ^"^"^ sp^kle-pattem noise 

Another object of the present invention is to provide a PUIM-based image capti^ and 
rocessmg engine tor use in the hand-supportable imagers. pr^b.tion scanners, and the like 
»mprising a dual-VLD PUA and a linear image detection array having verticaay.*lo„ga.ed 
«r.age detection elements configured within an optical as^bly that employ, spatial ij^^ 
nodutation apertirre which provides a despeckling mechanism tt«, operates in accordant 
ith the sixth method generalized method of speckle-pattem noise reduction. 

Anoti,er object of the present invention is to pn«dde a PUIM-based image caphue and 
.roce^ing engine for use in the hand-supportable imagers, presentation sc«mers, and the like 
compnsing a dual-VLD PUA and a linear image detecti™, array having verticBy^g,,., 
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image detection elements configured within an optical assembly that employs a temporal 
intensity modulation aperture which provides a despeckUng mechanism that operates in 
accordance with the seventh generalized method of speckle-pattern noise reduction. 

Another object of the present invention is to provide a hand-supportable imager having 
a housing containing a PLDM-based image capture and processing engine comprising a dual- 
VLD PUA, and a 2-D (area-type) image detection array configured within an optical assembly 
that employs a micro-oscUlating cylindrical lens array which provides a despeckling 
mechanism that operates in accordance with the first generaUzed method of speckle-pattern 
noise reduction, and which also has integrated with its housing, a LCD display panel for 
displaying images captured by said engine and information provided by a host computer 
system or other information supplying device, and a manual data entry keypad for manually 
entering data into the imager during diverse types of information-related transactions 
supported by the PUIM-based hand-supportable imager. 

Another object of the present invention is to provide a hand-supportable imager having 
a housing containing a PLHM-based image capture and processing engine comprising a dual- 
VLD PUA and an area image detection array configured witfun an optical assembly whidi 
employs a micro-osdUating Ught reflective element that provides a despeckling mechanism tiiat 
operates in accordance with the first generalized method of speckle-pattern noise reduction, 
and which ako has integrated witii its housing, a LCD display panel for displaying imaged 
captured by said engine and information provided by a host computer system or otba 
information supplying device, and a manual data entry keypad for manuaUy entering data into 
the imager during diverse types of information-related tiansactions supported by the PLIIM- 
)ased hand-supportable imager. 

Anotixer object of tite present invention is to provide a hand-supportable imager having 
a housing containing a PLIIM-based image capture and processing engine comprising a dual- 
VLD PLL\ and a 2-D image detection array configured witiiin an optical assembly that 
employs an acousto-electric Bragg cell struchire which provides a despeckling mechanism that 
operates in accordance vnih the first generalized metfiod of speckle-pattern noise reduction, 
and which also has integrated with its housing, a LCD display panel for displaying images 
captured by said engine and information provided by a host computer system or other 
information supplying device, and a manual data entiy keypad for manually entering data into 
the imager during diverse types of information-related tiansactions supported by ttve PLHM- 
jased hand-supportable imager. 

Another object of the present invention is to provide a hand-supportable imager having 
a housing containing a PLDM-based image caphure and processing engine comprising a dual- 
VLD PUA and a 2-D image detection array configured within an optical assembly that 
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employs a high spatial-resolution piezo-electric drivers defonnable mirror (DM) structure which 
provides a despecklir^g mechanism that operates in accordance with the first generalized 
metttod of speckle-pattern noise reduction, and which also has integrated with its housing, a 
LCD display panel for displaying images caphxred by said engine and information provided by 
a host computer system or other information supplying device, and a manual data entry 
keypad for manuaUy entering data into the imager during divert types of information-related 
transactions supported by the PLHM-based hand-supportable imager. 

Another object of the present invention is to provide a hand-supportable imager having 
a housing conta^^^ PLIIM-based image capture and processing engine comprising a dual 
VLD PLIA and a 2-0 image detection array configured within an optical assembly that 
employs a spatial-only Uquid crystal display (PO-LCD) type spatial phase modulation panel 
which provides a despeckling mechanism that operates in accordance with the first generalized 
memod of speckle-pattern noise reduction, and which also has integrated with its housing, a 
LCD display panel for displaying images captured by said engine and information provided by 
a host computer system or other information supplying device, and a manual data entry 
keypad for manuaUy entering data into the imager during diverse types of information-related 
transactions supported by the PLIIM-based hand-supportable imager. 

Another object of the present invention is to provide a hand-supportable imager havine 
a housing containing a PLIIM-based image captiire and processing engine comprising a dual- 
VLD PLL^ and a 2-D image detection array configured within an optical assembly that 
employs a visible mode locked laser diode (MLLD) which provides a despeckling mechanism 
that operates in accordance with the second generalized method of speckle-pattern noise 
reduction, and which also has integrated with its housing, a LCD display panel for displaying 
.mages captiired by said engine and information provided by a host computer system or other 
mformation supplying device, and a manual data entry keypad for manuaUy entering data into 
the miager during diverse types of information-related transactions supported by the PLIIM- 
iased hand-supportable imager. 

Another object of tiie present invention is to provide a hand-supportable imager havine 
a housing containing a PLIIM-based image captiire and processing engine comprising a dual 
VLD PLIA and a 2-D image detection array configured within an optical assembly that 
employs an electi-ically-passive optically-reflective cavity (i.e. etalon) which provides a 
despeckling mechanism that operates in accordance with the third method generalized method 
of speckle-pattern noise reduction, and which also has integrated with its housing, a LCD 
display panel for displaying images captured by said engine and information provided by a 
host computer system or other information supplying device, and a manual data entiy keypad 
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for manually entering data into the imager during diverse types of information-related 
transactions supported by the PLUM-based hand-supportable imager. 

Another object of the present invention is to provide a hand-supportable imager having 
a housing containing a PUIM-based image caphu-e and processing engine comprising a dual- 
VLD PUA and a 2-0 image detection array configured within an optical assembly that 
employs a pair of micro-oscillating spatial intensity modulation panels which provide a 
despeckling mechanism that operates in accordance with the fifth method generalized method 
of speckle-pattern noise reduction, and which also has integrated with its housing, a LCD 
display panel for displaying images captured by said engine and information provided by a 
host computer system or other information supplying device, and a manual data entry keypad 
for manuaUy entering data into the imager during diverse types of information-related 
transactions supported by the PlUM-based hand-supportable imager. 

Another object of the present invention is to provide a hand-supportable imager having 
a housing containing a PLUM-based image capture and processing engine comprising a dual- 
VLD PUA and a 2-D image detection array configured within an optical assembly that 
employs a electrooptical or mechanically rotating aperture (i.e. iris) disposed before the 
entrance pupU of the IFD module, which provides a despeckling mechanism that operates in 
accordance with the sixth method generalized method of speckle-pattern noise reduction, and 
which also has integrated with its housing, a LCD display panel for displaying images captured 
by said engine and information provided by a host computer system or other information 
supplying device, and a manual data entry keypad for manually entering data into the imager 
during diverse types of information-related transactions supported by the PLHM-based hand- 
supportable imager. 

Anotiier object of tfie present invention is to provide a hand-supportable imager having 
a housing containing a PLUM-based image caphire and processing engine comprising a dual- 
VLD PLIA and a 2-D image detection array configured within an optical assembly that 
employs a high-speed elecfa-o-optical shutter disposed before the entrance pupil of the IFD 
module, which provides a despeckling mechanism that operates in accordance with the seventh 
generalized method of speckle-pattern noise reduction, and which also has integrated with its 
housing, a LCD display panel for displaying images caphued by said engine and information 
provided by a host computer system or other information supplying device, and a manual data 
enby keypad for manuaUy entering data into the imager during diverse types of information- 
related transactions supported by ttie PLUM-based hand-supportable imager. 

Anotiier object of tiie present invention is to provide a manuaUy-activated PUIM-based 
hand-supportable linear imager configured with (i) a linear-type (i.e. ID) image formation and 
detection (IFD) module having a fixed focal length/fixed focal distance image formation optics 
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with a field of view (FOV), (a) a manuaUy-achxated trigger switch for manually activating the 
planar laser Ulumination array (to producing a PLIB in coplanar arrangement with said FOV) 
the Imear-type image formation and detection (IFD) module, the image frame grabber the 
.mage data buffer, and the image processing computer, via the camera control computer upon 
response to the manual activation of the trigger switch, and capturing images of objects (i e 
beanng bar code symbols and other graphical indicia) through the fixed focal length/fixed focal 
distance image formation optics, and (iii) a LCD display panel and a data entry keypad for 
supportmg diverse types of transactions using the PUIM-based hand-supportable imager 

Another object of the present invention is to provide an automatically-activated PLIIM- 
based hand-supportable linear imager configured with (i) a linear-type image formation and 
detection (IFD) module having a fixed focal length/fixed focal distance image formation optics 
with a field of view (FOV), (ii) an IR-based object detection subsystem within its hand- 
supportable housing for automatically activating upon detection of an object in its IR-based 
abject detection field, the planar laser illumination array (to produce a PLIB in coplanar 
arrangement with said FOV), the linear-type image formation and detection (IFD) module as 
well as the image frame grabber, the image data buffer, and the image processing computer 'via 
the camera contirol computer, (u) a manually-activatable switch for enabling transmission of 
symbol character data to a host computer system upon decoding a bar code symbol within a 
captizred image frame, and (iii) a LCD display panel and a data entry keypad for supporting 
divert types of ti^ctions using the PLHM-based hand-supportable imager. 

Another object of tite present invention is to provide an automaticaUy-activated PUIM- 
.ased hand-supportable linear imager configured with (i) a linear-type image formation and 
ietection (IFD) module having a fixed focal length/fixed focal distance image formation optics 
.ith a field of view (FOV), (ii) a laser-based object detection subsystem witiun its hand- 
supportable housing for automatically activating the planar laser iUumination array into a hall- 
>ower mode of operation (to produce a PLIB in coplanar arrangement with said FOV) the 
inear-type unage formation and detection (IFD) module, ti.e image frame grabber, the image 
lata buffer, and the image processing computer, via the camera control computer, in response 
to the automatic detection of an object in its laser-based object detection field, (iii) a manuaUy- 
.ctivatable switch for enabling transmission of symbol character data to a host computer system 
.pon decoding a bar code symbol within a caphrred image frame; and (iv) a LCD display panel 
nd a data entry keypad for supporting diverse types of fransactions using the PUIM-based 
nd-supportable imager. 

Another object of ti.e present invention is to provide an automatically-activated PLIIM- 
.ased hand-supportable linear imager shown configured with (i) a linear-type image formation 
nd detection (IFD) module having a fixed focal length/fixed focal distance image formation 
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optics with a field of view (FOV), (ii) an ambient-light driven object detection subsystem within 
its hand-supportable housing for automaticaUy activating the planar laser illumination array (to 
produce a PLIB in coplanar arrangement with said FOV), the area-type image formation and 
detection (IFD) module, the image frame grabber, the image data buffer, and the image 
processing computer, via the camera control computer, upon automatic detection of an object 
via ambient-light detected by object detection field enabled by the image sensor within the IFD 
module, (iii) a manually-activatable switch for enabling transmission of symbol character data 
to a host computer system in response to decoding a bar code symbol within a captured image 
frame, and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the PUIM-based hand-supportable imager. 

Another object of the present invention is to provide an automatically-activated PUIM- 
based hand-supportable Unear imager configured with (i) a linear-type image formation and 
detecHon (IFD) module having a fixed focal length/fixed focal distance image formation optics 
with a field of view (FOV), (ii) an automatic bar code symbol detection subsystem within its 
hand-supportable housing for automatically activating the planar laser illumination array (to 
produce a PUB in coplanar arrangement with said FOV), the image processing computer for 
decode-processing in response to the automatic detection of an bar code symbol within its bar 
code symbol detection field enabled by the image sensor within the IFD module, (iii) a 
manuaUy-activatable switch for enabling transmission of symbol character data to a host 
computer system in response to decoding a bar code symbol within a captured image frame, 
and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the PUIM-based hand-supportable imager. 

Another object of the present invention is to provide a manually-activated PLIIM-based 
hand-supportable linear imager configured with (i) a linear -type image formation and 
detection (IFD) module having a fixed focal length/variable focal distance image formation 
optics with a field of view (FOV), (ii) a manually-actuated trigger switch for manually activating 
the planar laser illumination (to produce a planar laser illumination beam (PLIB) in coplanar 
arrangement with said FOV), the linear-type image formation and detection (IFD) module, the 
image fi-ame grabber, the image data buffer, and the image processing computer, via the camera 
contirol computer, in response to the manual activation of the trigger switch, and capturing 
images of objects (i.e. bearing bar code symbols and other graphical indicia) through the fixed 
focal length/fixed focal distance image formation optics, and (iii) a LCD display panel and a 
data enby keypad for supporting diverse types of b-ansactions using the PUIM-based hand- 
supportable imager. 

Another object of the present invention is to provide an automatically-activated PUIM- 
based hand-supportable linear imager configured with (i) a linear-type image formation and 
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de.«Hon (IFD) module having a fixed focal le„gtt,/v.riable fbc.1 distance image fo™a«o„ 

^pporuble housmg for automadcaUy ac«va«„g i„ response to fte de«c«on of object i„ H, 
Biased obiec. de.ec«o„ «e.d. the plana, lase, iUu-nination array (to produce a PUB t 
copla^r arrar-gement with said FOV,, the linear-type image for,na.ion and detection (IFD, 
module, as weU as the image frame grabber, .he image dau buffer, and a,e image processing 
computer v, the camera contK-l computer. <ii, a manually-activatable switch foLnabltog 
^m^sron of symbo, character data to a host computer system in response to decoding a ba^ 
^e symbol wthm a captured image frame, and (iii, a LCD display panel and a data ent^ 
^ypad for supportmg diverse types of transacdons using the PUIM-based hand-supportabte 

Lsed h^T" °''*"!„°' " """"" -»°-«cally-activa.ed PLDM- 

detecHon (IFD) module havmg , fixed focal length/variable focal distance image formation 
opt.es w.^ a Beld of view (FOV, ,u, a laser-based ob,e« detection subsystem wiL 
supportable housing for automatically activating the planar laser fflominatlon arniy into . m. 
power mode of operation (to produce a PLIB in coplanar arrangement with said FOV) the, 

dT bT ""T T"""" ""^^'^ """^ *' image 
data buffer and the unage processing computer, via the camera control computer .Z 

auu.mat,c detection of an object in its laser-based object detection Held, (iii, a JnuX 
acbvatable swit* for enabling transmission of symbol character data to a ho t oipu"! 
m^^^nse to the decoding . bar code symbol within a captured image frame, an^ (iv, a^ 
d^y partel and a data entry keypad for supporting diverse types of transactio J „ ing the 
PUIM-based hand-supportable imager. ' 

Another object of the present invention is to provide an automatically-activated PUIM- 

detechon (IFD, module having a fixed focal length/variable focal distance image formati™, 
^cs wrth a ^Id of FOV, ,u, an ambient-light driven object detection subsystl 
>«nd-suppor.able housing for automatically acHvaHng the planar laser iUumination array (to 

Z'T: '■^-'^ formation and 

le.ect.on (IFD, module, the image frame grabber, the image data buffer, and the image 
rocessmg computer, via the camera control computer, in response to the automatic detection 
Of ™ o.,ect v„ ambient-Ught detected by object detection field enabled by the image ^ 
wrtlun t,« IFD module, and ,Ui, a m.nual,y..c«va.ab,e switch for enabling tranlissr^ 

Z^^J^.'"'^-^'-'^''-^-'^ .-«K./symbo.:r: 
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Another object of the present invention is to provide an automaticaUy-activated PUIM. 
based hand-supportable linear imager configured with (i) a linear -type image formation and 
detection (IFD) module having a fixed focal length/variable focal distance image formatiai 
optics with a field of view (FOV), (ii) an automatic bar code symbol detection subsystem within 
its hand-supportable housing for automaticaUy activating the planar laser illumination array (to 
produce a PLIB in coplanar arrangement with said FOV), the image processing computer for 
decode-processing in response to the automatic detection of an bar code symbol within its bar 
code symbol detection field enabled by the image sensor within tiie IFD module, (iii) a 
manually-activatable switch for enabling teansmission of symbol character data to a host 
computer system in response to decoding a bar code symbol within a captured image frame, 
and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the PLHM-based hand-supportabie imager. 

Another object of the present invention is to provide a manuaUy-activated PLIIM-based 
hand-supportable Unear imager configured with (i^ a linear-type image formation and detection 
(IFD) module having a variable focal lengtii/variable focal distance image formation optics 
with a field of FOV, (u) a manually-achiated trigger switch for manually activating the planar 
laser illumination array (to produce a PLIB in coplanar arrangement witii said FOV), the linear- 
|type image formation and detection (IFD) module, the image frame grabber, the image data 
Suffer, and the image processing computer, via the camera control computer, in response to the 
lanual activation of tiie trigger switch, and capturing images of objects (i.e. bearing bar code 
lymbols and other graphical indicia) through the fixed focal length/fixed focal distance image 
brmation optics, and (iii) a LCD display panel and a data entry keypad for supporting diverse 
—^es of transactions using the PLIIM-based hand-supportable imager. 

Anoti^er object of the present invention is to provide an automatically-activated PLOM- 
.ased hand-supportable linear imager configured with (i) a linear-type image formation and 
letection (IFD) module having a variable focal length/variable focal distance image formation 
.ptics with a field of view (FOV), (ii) an IR-based object detection subsystem within its hand- 
upportable housing for automaticaUy activating in response to the detection of an object in its 
R-based object detection field, the planar laser iUumination array (to produce a PLIB in 
oplanar arrangement with said FOV), the linear-type image formation and detection (IFD) 
lodule, as well as the image firame grabber, the image data buffer, and the image processing 
omputer, via the camera control computer, (ii) a manually-activatable switch for enabling 
ransmission of symbol character data to a host computer system in response to decoding a bar 
ode symbol within a captured image firame, and (ui) a LCD display panel and a data entry 
eypad for supporting diverse types of h-ansactions using the PLIIM-based hand-supportable 
-lager. 
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Another object of the present invention is to provide an automaticaUy-activated PLIIM- 
based hand-supportable linear imager configured with (i) a linear-type image formation and 
detection (IFD) module having a variable focal length/variable focal distance image formation 
optics and a field of view, (ii) a laser-based object detection subsystem within its hand- 
supportable housing for automatically activating the planar laser iUumination array into a full- 
power mode of operation (to produce a PUB in coplanar arrangement with said FOV) the 
Wtype image formation and detection (IFD) module, the image frame grabber, the image 
data buffer, and the image processing computer, via the camera control computer, in response 
to the automatic detection of an object in its laser-based object detection field, (iii) a manually- 
achvatable switch for enabling transmission of symbol character data to a host computer system 
m response to decoding a bar code symbol within a captured image frame, and (iv) a LCD 
display panel and a data enfry keypad for supporting diverse types of fransactions using the 
PLUM-based hand-supportable imager. 

Another object of ttie present invention is to provide an automatically-activated PLUM- 
based hand-supportable linear imager configured with (i) a linear-type image formation and 
detection (IFD) module having a variable focal lengtix/variable focal distance image fonnation 
aptics witit a field of view (FOV), (ii) an ambient-Hght driven object detection subsystem witiun 
yts hand-supportable housing for automatically activating the planar laser illumination array (to 
produce a PLIB in coplanar arrangement witi. said FOV) tite linear-type image formation and 
letection (IFD) module, the image frame grabber, ti.e image data buffer, and tl^ image 
'rocessmg computer, via the camera confrol computer, in response to the automatic detection 
.f an object via ambient-Ught detected by object detection field enabled by tite image sensor 
-ithin tiie IFD module, (iii) a manually-activatable switch for enabling fransmission of symbol 
:haracter data to a host computer system in response to decoding a bar code symbol within a 
:aptured image frame, and (iv) a LCD display panel and a data entry keypad for supporting 
Uverse types of transactions using tiie PLIIM-based hand-supportable imager. 

Anotiier object of ttie present invention is to provide an automaticaUy-activated PLIIM- 
.ased hand-supportable linear imager configured with (i) a linear-type image fonnation and 
detection (IFD) module having a variable focal lengtt^/variable focal distance image formation 
optics witi. a field of view (FOV), (u) an automatic bar code symbol detection subsystem within 
Its hand-supportable housing for automatically activating the planar laser illumination array (to 
produce a PLIB in coplanar arrangement witii said FOV) ttie linear-type image formation and 
detection (IFD) module, the image frame grabber, tfie image data buffer, tiae image processing 
computer for decode-processing in response to ttie automatic detection of an bar code symbol 
witiun Its bar code symbol detection field enabled by the image sensor within tiie IFD module 
(m) a manually-activatable switch for enabling fransmission of symbol character data to a hosi 
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„v, , ICD .hsplay pane, and a data en^ keypad for suppor«ng diverse types o> 
iransartons using the PUM-based hand-supportable toager. 

Ano*'"!')^''''** present invention is to provide a manually-activated PLDM-based 
hand^pp^ble area unager conflgu^ ^th ,i, an area-type (i.e. 2D, inuge formaHon and 

t^.r.TTT'"'' ' '"^'"^^ '-8^ optics 

^aL L , T ' — ^-'""^<' «Sger switch for manually 

^^g the planar laser illumination array produce a PUB in coplanar arrangement with 
««i FOV) the ^a-type image formation and detection (IFD) module, the image frame grabber 
«» .mage data bufler, and the image processing computer, via a,e camera control compL in 
espouse ,0 the manual acHvation of the trigger switch, and capturing images of objects ('i e 
^anng bar code symbob and other graphical indicia) through fte fixed focal leng.h/,i.ed focal 
distance image formation optics, and (iii) a LCD display panel and a data entry keypad for 
supporting diverse types of transactions using the PLIIM-based hand-supportable imager 

Another object of ttie present invention is to provide an automatically-activated PUIM- 
lll!rr^r!?t """^"^ — 'yP-'™«e fonnation ^ 

't!™ : ' ' ''^"^ '°™aHon optics 

a VOV (u) an IR-based object detection subsystem within its hand-supportable housing for 

the planar laser illumination array (to produce a PUB in coplanar arrangement with said 
OV), the area-type image formation and detection (IFD, module, as well as the image frame 
Tabber, the image data buffer, and the image processing computer, via the camera control 
computer. („, a manuaUy-activatable switch for enabling tiansmission of symbol character data 
,0 a host computer system in response to decoding a bar code symbol witiun a caphlred image 
Tame, and (m) a LCD display panel and a data entry keypad for supporting diverse types !f 
ansactions using the PUIM-based hand-supportable imager. 

^ <"^«' <" ^ P-^n' invention is to provide an automatically-activated PUIM- 

lt!Tor r? ' '''' ''•"^"^ '^^ optics 

with a FOV, <„ a laser-based object detection subsystem within its hand-supportable housing 

for automatically activating the planar laser iUumination array into a ftUI-p„„er mode „! 

pe^tion (U, produce a PUB in coplanar arrangement wim said FOV,, the area-type image 

formation and detection OFD) module, the image frame grabber, the image data buffa^ and L 

3 "T^r"""" -PO- .0 ti. automatic 

etection of an ob,ec in its laser-based object detection field, (iii, a manually-activatable switd. 
for enabhng transmission of symbol character data ,„ a host computer system in response to 
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dec«ii„g a bar code symbol wi«u„ a capped image ftame; ^ (iv, a LCD display panel a«d a 
dau en,^ keypad for supporting diverse types of Tansachons using tt,e PUIM-based hand- 
supportable imager. 

Anott.er objec. of the present invention i. to provide an automahcallyactivated PUIM 
ba«d hand-supportable area imager shown configured with (i) a area-type image formaHon 
and d^echon OFD, module having a fixed focal length/fixed focal disUnce image formal 
opncs w* a FOV. (ii, an ambien.-ligh. driven object detecHon subsystem witl^n its hani 
supp^rbble housing for automaticaUy activating the planar laser illumination array (to produce 
a PUB m coplanar arrangement with said FOV), the area-type image formation and detection 
(IFD) module, the image frame grabber, the image data buffer, and the image processing 
computer. Via the camera control computer, in response to the automaHc detection of an obie^ 
va a«b,ent-ligh, detected by objec, detecHon field enabled by the image sensor within the TO 
module (m) a manuaUy-activatable switch for enabling transmission of symbol character data 
to a host computer system in response to decoding a bar code symbol within a captured image 
ftame, and (iv, a LCD display panel and a data entry keypad for suppor«ng diverse types of 
transactions usmglhe PLnM-tased hand-supportable imager. 

Another object of the present invention is to provide an automafically-aclivated PLDM- 

' ' '^-^ O-"- optic, 

w.th a POV, (u) an automafic bar code symbol detectton subsystem within its hand-supporbble 
housmg for automafically activafing the planar laser iUumination array (fo p,«,„ce a klB in 
coplanar arrangement with said FOV), the area-type Image formation and detecfion (IFD) 
module, the image frame grabber, the image data buffer, and the image processing computer 
v« the .n,age processing computer for decode-processing upon automatic detection of an ba^ 
code symbol wi*in its bar code symbol detection field enabled by the image sensor within the 
n=D module, (u.) a manually-acdvatable swi^zh for enabling transmission of symbol d«racter 
data to a host computer system in response to decoding a bar code symbol within a c«,tu.ed 
™age frame, and (iv, a LCD display panel and a data entry keypad for supporting .Lerse 
types of transactions using the PLIIM-based hand-supportable imager. 

^°*''ol'i«^<>'*^P'««« invention is to provide a manuaUy-activatedPLnM-based 
^d-supportable area imager configur«l with (i) an area-type image f6nn,«™, ^ jetecfi^ 

^) module havmg a fixed focal length/variable focal distance image formati™, optics wi* a 

FOV, („) a manually-actuated trigger switch for manuaUy acMvating the planar laser 

.UummaHon array (to produce a PUB in coplanar arr^ent with said TOV), the area-type 

unage formafion and detecHon (TO) module, the image frame grabber, the image data buT 

«d the tmage processing computer, via the camera control computer, upon manual actrvafio.; 
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of tt.e tagg^ ,«iteh, and captaring taages of objects beating bar code symbols and ote 
» md^a) trough tt,e Hxed focal le„g*/fi,«, foe,, 

«d (m) a LCD d«play pa«l a«i a d.U entry keypad for supporting dive«e typ!s 
transactions using the PUIM-bascd hand-supportable imager. 

Another object of the present Invention is to provide an automatically-acdvated PUIM- 

^ n^'°T!' "'"'^'^ "''■'y^ '^Se formation and 

T ^ length/variable focal distance image formation 

opti. w.th a POV, ,U, an IR*ased object detection subsystem within its handLpporUb^ 
housmg for automaticafly activating, in response to ti,e detection of an object in its K-based 
ob,eC det^tion field. «.e planar laser Ulumlnation array (to produce a PLIB ir. 2^ 
arrangement with said FOV), a,e area-type image formation and detection (IFD) modi 0. 
™age frame grabber, the image data buffer, and the image processing computer, via the camera 
contro computer, (U) a manually-activatable switch for enabling transmission of symbol 
character data to a host computer system in response to decoding a bar code symbol wLn a 
captiaed m«ge frame, and ,iii, a LCD dispUy panel and a data entry keypad fbr supporting 
dn-ersetypesoftransacttonsusingthePLIIM-basedhand-supportableimager 

^ P'-ent invention is to provide an automaflcally-acttvated PUIM- 
a^ed hand-supportable area imager configured with (i) an area-type image fonnation and 
detection (IPD, module having a fixed focal lengti,/variab,e focal Itance image klZ 
optics with a FOV, ,ii, a laser-based object detection subsystem within its handLppor^T 
housmg for automatically activating the planar laser iHuminatton array into a full-power mode 
of operation (to produce a PLIB in coplanar arrangement with said POV), the area-type image 
formation and detection (TO) module, the image frame g^. fte image data buffed and I 
■mage processing computer, via, the camera cont^l computer, in response to U,e automatic 
etection of an objeC in its laser-based object detection field, (iii) a manuaUy-activatable switch 
or enabUng transmission of symbol character data to a host computer system in response to 
ecodu^abar code symbol withi„acapti,redimageframe,a™i(iv),La,disp^ 
data en.^ keypad for supporting diverse types of transactior^ using the PLDM-b^ed hand 
supportable imager. 

An„a,er rt.ject of the present invention is to p»vide an automatically-activated PLIM- 
■ased hand-supporuble are, imager configured with (i) an area-type image formation and 
letection (IPD, module having a fixed f«al leng«./variable focal distance image formation 
Ptics With a POV. (ii, an ambient-hght dHven ol^ detection subsystem wil i,s hand- 
upportable housmg for automaScaUy activating the planar laser iUumination a„ay (to produce 

,IFD) module, the ™age frame grabber, the image data buffer, and the image processing 
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computer, via the camera control computer, upon automatic detection of an object via ambient- 
light detected by object detection field enabled by the image sensor within the IFD module and 
'in) a manually-activatable switch for enabling transmission of symbol character data to a'host 
computer system upon decoding a bar code symbol within a captured image frame. 

Another object of the present invention is to provide an automatically-activated PLIDvl- 
based hand-supportable area imager configured with (i) an area-type image formation and 
detection (IFD) module having a fixed focal length/variable focal distance image formation 
optics with a FOV, (ii) an automatic bar code symbol detection subsystem within its hand- 
supportable housing for automatically activating the planar laser iUumination array (to produce 
a PUB in coplanar arrangement with said FOV), the area-type image formation and detection 
(IFD) module, tire image frame grabber, tite image data buffer, and the image processing 
computer for decode-processing of image data in response to the automatic detection of an bar 
code symbol within its bar code symbol detection field enabled by ti.e image sensor within the 
IFD module, (iii) a manually-activatable switch for enabling transmission of symbol character 
data to a host computer system in response to decoding a bar code symbol within a caphired 
image fi-ame, and (iv) a LCD display panel and a data entry keypad for supporting diverse 
types of b-ansactions using the PLHM-based hand-supportable imager. 

Another object of the present invention is to provide a manually-activated PLHM-based 
hand-supportable area imager configured with (i) an area-type image formation and detection 
(IFD) module having a variable focal lengtit/variable focal distance image formation optics 
with a FOV, (ii) a manually-actuated ti-igger switch for manuaUy activating the planar laser 
illummation array (to produce a PLIB in coplanar arrangement with said FOV), the area-type 
.mage formation and detection (IFD) module, the image frame grabber, the image data buffer 
and the image processing computer, via the camera control computer, in response to manual' 
activation of the trigger switch, and caphmng images of objects (i.e. bearing bar code symbols 
and oti^er graphical indida) ti^ough the fixed focal length/fixed focal distance image formation 
optics, and (iii) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the PLDM-based hand-supportable imager. 

Another object of the present invention is to provide an automatically-activated PLIIM- 
based hand-supportable area imager configured witft (i) an area-type image formation and 
detection (IFD) module having a variable focal lengtii/variable focal distance image formation 
optics Witt, a FOV, (ii) an IR-based object detection subsystem witiun its hand-supportable 
housmg for automatically activating in response to tite detection of an object in its IR-based 
object detection field, the planar laser illumination arrays (to produce a PLIB in coplanar 
arrangement with said FOV), the area-type image formation and detection (IFD) module as 
.veil as the image firame grabber, the image data buffer, and the image processing computer 'via 
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stirr T ' = (or enabling ^ansnUssion „, 

character daU .„ a host computer system in response ,o decoding a bar code symboi 

supports diverse types of tansac«ons using the PUIM-based hand-supportable imager 

Another o.^ of the pr«ent invention is to provide an automaticaUy-activated PUIM. 

detechon OFD) module havmg a variable focal leng«,/variable focal distant image fonnaHon 
opfcs wrth a FOV. ,U, a laser-based object detection subsystem within its hand supZbl 
housmg (or automaticaUy activating d,e planar laser illuminaHon array into a fuU-powL mode 
of operahon to produ« a PUB in coplanar arrangement with said FOV), the area type imat 
formahon and detection (IFD, module, the image frame grabber, the image date bufteTarui L 
.mage pro^ssing computer, via the camera control computer, in response to the automatic 
etechon of an „b,ec. m its laser-based object detecHon held, (iii, a manuaHy-activatable switch 
for enabhng transmission of symbol character data to a host computer system in response te 

w "T, ""^ ' "'"^ ' *Play P.L and a 

date en.., ke^d far supporting diverse types of transactions uring the PUIM*«ed ha«l- 

supportable imager. 

Another object of the present inventionis to provide an automaticallyadivated PUIM- 

deteCon ffFD, module having a variable focal length/vadable focal distence image formation 

upporteble housmg for automaHcaUy achvating the planar laser ilhunination array (te produce 

fIFD) module, the .mage frame grabber, the image data bu«er, and the image processing 
bmputer, via *e camera control computer, in response te the aut^natic detection of an obje^ 
-.a ar^ent-Ught detected by object detection field enabled by the image sensor within the ^ 
module, (u.) a manuaUy-activatable switch for enabling transmissi™, of symbd ch.r«*r data 
* a host computer system in response fo the decoding a bar code symbol wiftin a caph«d 
™age frame, and ,iv, a LCD display panel and a date entry keypad for supporting Averse 
fvpes of transactions using the PUIM-based hand-supportable imager 

Another object of the present invention is to provide an aut^naticaUy-acdvated PUIM- 

upporteble housmg for automatically achvating the planar laser illumination array (to produce 
i PUB m coplanar arrangement with said FOV). the area-type image formation artd detecd„„ 
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(IFD) .nodule, *e image frame grabber, tt,e image data buffer, and tt,e image processine 
compu^r^r dec^ie-pr^g ^ ^^^^Z 

module („., a manualiy-acHvatable switch for enabling transmission of symbol character 
da.a ,0 a h«. computer system in response to dec«ii„g a bar code symbol within a captu^ 
^n^e frame, .d ,iv, a LCD display pane, and a data entry keypad for supporting di^ 
lypesoflransaclionsusingthePLnM-basedhand-supportableimager 

Another object „f the present invenHon is to provide a LEW,ased PUM for use in 
UIM*ased systems having short working distances (e g less than 18 inches or so), wherein , 
Wtype LED, an opHonai focusing ,e„s and a cylindHcal lens etanen. are mou^.^ 
compact barrel structure, for the purpose of producing a spaHaUy-incoheren. pbnar 
lUuimnahon beam (PLIB) therefrom. ^ 

ED ba^r PUM ''1°' '° P"'"" " P-ess carried within a 

Abased PUM wherem (I, the focusing lens focuses a reduced size image of the hght 

™.tag source of the LED towards the far«„st working distance in .he PuJbased ^ 

ybndr,calle^elementtoprcKiuceaspatially<oheren,pbnarUghtilhuninafionbeam(PU^^ 
■Lrw, TT °' """"^^ "^"^""^ PLIM for use in 

ens, colhrnating lens and a cylindrical lens,elen,en. are mounted within compact baj 
Werlr ^"""^ °' "'"""^ ' P'- HSH. iUtmJtion ^ 

tED ba^T™ T' " """^^ " "^-^ -ied Within an 

LED^based PUM, wherem (1) the focusing lens focuses a reduced si» image of the Ught 

Z7n- T: T."-'" """"^ » P»*« "ithin *e bane, structure, (2,L coUimaC 

Z rr , H 7 ^^"^ '^-"^ Unage „f .he aght emitSng sou.« 

V r '"''^ "Sk. beam so as to pLce 

spahally-cohereni planar light iUumination beam (PUOB). 

PUa, H^°!I" T t ^ '^"^ » to p^vide an LED4»sed PUM chip for use in 

PLOM-based systems having short working distances, wherein a linear-type Ught emitting 

Z^'": ' ^'"^ "^'"^ ""^-^ -crtJ taHr 
cytadnca .type mtcrolens a^y are mount«. within the IC package „, the PUM chip for th 

purpose of pr«iucingaspasally-in«*erent planar Ughtilluminaaon beam (PUB) thereL 

Another object of the present invention is to provide an lED*ased PLIM wherein (11 
ea^tocusingjensletfocusesa^^^ 

a focal pom, above the f<Kusing-type microfens array, (2) each co«imaHng .enslet commalt 
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U^t rays associated witt, the reduced size image of the ligh. emiWng source, and (3) each 
cytadrical lensle, diverges *e colHmated ligh, beam so as ,„ produce a spaBally^oherem 
plarw hgh. iUumimaon beam (PUB) component, which collectively pr«iuce a composi.e PUB 
from the LED-based PLIM. 

Another object of the present invenHon is to provide a novel method of and apparatus 
for measuring, in the field, the pitch and yaw angles of each slave Package IdenHfication (PID) 
un. m the hm™l system, as well as the elevaHon (i.e. height) of each such PID unit, relative to 
the local coordinate reference frame symboBcally embedded within the local PID unit 

Anoa,er object of the present invendon is to provide such apparatus realized as anele- 
measurement (e.g. protractor) devices integrated within the stach.re of each slave ^ maL 
PID housmg and the support structure provided to support the same within the tunnel system 
enabling me taking of such field measurements (i.e. angle and height ..adings) so that the' 
prease coordinate locaHon of each local coordinate reference frame (symboUcally embedded 
w.thm each PID unit) can be precisely determined, relative to the master FID unit 

Another object of the present invention is to provide such apparatus, wherein ead, angle 
measurement device is integrated . into the structure of the PID unit by providing a pointer^ 
mdrcating structure (e g arrow) on the surface of the housing of the PID unit, while mounting 
angle-measurement indicator on the corresponding support struch»e used to support tte 
housmg above the conveyor belt of the tunnel system. 

Another object of the present invention is to provide a novel planar laser iUuminaHon 
and ,magmg module which employs a planar laser illuminad„„ array (PUA) comprising a 
pluraUty of visible laser diodes having a pluraUty of different characterlsBc wavelenl, 
residmg within different portions of the visible band 

object of the present invention is to provide such a novel PUIM, wherein the 
vstble laser diodes within the PUA thereof are spadaUy arranged so that the spectral 
^mponents of each neighboring visible laser diode (VU)) spatidly overlap and each portion of 
tt,e composite PUB along its planar extent contdns a specnun of different characterisdc 
wavelengths, thereby imparting multi-color illumination characteristics tc the con^ PUB 
Another object of the present invendon is u> provide such a novel PUIM, wherein 
.nulh^olor illuminaHon characteristics of .he composite PUB ■«luce the temporal coherence of 
the laser iUuminadon sources in the PUA, thereby reducing the RMS power of speckle«*e 
pattern observed at the image detection array of the PUIM. 

Another object of the present invention is to provide a novel pl««r laser iUumination 
and .magmg module (PUIM) which employs a planar laser iUuminaHon array (PUA) 
comprising a plurality of visible laser diodes (VlDs) which exhibit high -mode*opping" 
spectral characterisHcs which c«,pera.e on the «n» domain .„ reduce fl»temp«ala>he,Lt 
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he laser muminatiorx sources operating in the PLIA and produce numerous substantially 
different time-varying speckle-noise patterns during each photo-integration time period 
thereby reducing the RMS power of the speckle-noise pattern observed at the image detection 
array in the PLIIM. 

Another object of the present invention is to provide a novel planar laser illumination 
and imaging module (PLIIM) which employs a planar laser illumination array (PLIA) 
comprising a plurality of visible laser diodes (VLDs) which are "thermally-driven" to exhibit 
high "mode-hopping" spectral characteristics which cooperate on the time domain to reduce 
the temporal coherence of the laser Ulumination sources operating in the PLL^, and thereby 
reduce the speckle noise pattern observed at the image detection array in the PLIIM 
accordance with the principles of the present invention 

Another object of the present invention is to provide a unitary (PLIIM-based) package 
dmtensioning and identification system, wherein the various information signals are generated 
by the LDIP subsystem, and provided to a camera control computer, and wherein the camera 
:ontrol computer generates digital camera control signals which are provided to the image 
Formation and detection (IFD subsystem (i.e. "camera") so that the system can carry out its 
liverse functions in an integrated mam^er, including (1) capturing digital images having (i) 
square pixels (i.e. 1:1 aspect ratio) independent of package height or velocity, (ii) significantly 
■educed speckle-noise levels, and (iii) constant image resolution measured in dots per inch (dpi) 
ndependent of package height or velocity and without the use of cosUy telecentric optics 
employed by prior art systems, (2) automatic cropping of captured images so that only regions 
.f mterest reflecting the package or package label require image processing by the image 
•rocessmg computer, and (3) automatic image lifting operations. 

Another object of the present invention is to provide a novel bioptical-type planar laser 
illumination and imaging (PLIIM) system for the purpose of identifying products in 
supermarkets and other retail shopping environments (e.g. by reading bar code symbols 
hereon), as well as recognizing the shape, texture and color of produce (e.g. fruit, vegetables 
itc.) usmg a composite multi-specfral planar laser illumination beam containing a specfrum of 
lifferent characteristic wavelengths, to impart multi-color illumination characteristics thereto 

Another object of the present invention is to provide such a bioptical-type PLIIM-based 
ystem, wherein a planar laser iUumination array (PUA) comprising a plurality of visible laser 
Uodes (VLDs) which intrinsicaUy exhibit high "mode-hopping" spectral characteristics which 
cooperate on the time domain to reduce the temporal coherence of the laser iUumination 
-urces operating in the PLIA, and thereby reduce the specklenoise pattern observed at the 
»age detection array of the PLIIM-based system. 
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Another object of the present invention is to provide a bioptical PLIIM-based product 
dimensioning, analysis and identification system comprising a pair of PUIM-based package 
Identification and dimensioning subsystems, wherein each PUIM-based subsystem produces 
multi-spectral planar laser iUumination, employs a 1-D CCD image detection array and is 
programmed to analyze images of objects (e.g. produce) captured thereby and determine the 
shape/geometry, dimensions and color of such products in diverse retail shopping 
environments; and ^ ^ 

Another object of the present invention is to provide a bioptical PLlM-based product 
dimensioning, analysis and identification system comprising a pair of PLIM-based package 
Identification and dimensioning subsystems, wherein each subsystem employs a 2-D CCD 
image detection array and is programmed to analyze images of objects (e.g. produce) captured 
thereby and determine the shape/geometry, dimensions and color of such products in diverse 
retail shopping environments. 

Another object of the present invention is to provide a unitary package identification 
and dimensioning system comprising: a LADAR-based package imaging, detecting and 
dimensioning subsystem capable of coUecting range data from objects on the conveyor belt 
usmg a pair of multi-wavelength (i.e. containing visible and IR spectral components) laser 
scamung beams projected at different angular spacings; a PLIM-based bar code symbol reading 
mbsystem for producing a scanning volume above the conveyor belt, for scamung bar codes on 
packages transported ti^erealong; an input/output subsystem for managing the inputs to and 
outputs from the unitary system; a data management computer, with a graphical user interface 
(GUI), for realizing a data element queuing, handling and processing subsystem, as well as 
other data and system management functions; and a network controUer, operably comiected to 
the I/O subsystem, for comiecting the system to ti.e local area network (LAN) associated with 
the tumtel-based system, as well as other packet-based data communication networks 
supporting vanous network protocols (e.g. Ethernet, Appletalk, etc). 

Another object of tiie present invention is to provide i real-time camera control process 
earned out within a camera control computer in a PLIIM-based camera system, for intelligently 
enabhng the camera system to zoom in and focus upon only the surfaces of a detected package 
which might bear package identifying and/or characterizing information that can be reUably 

captiired and utilized by the system or network within which the camera subsystem is instaUed 

Another object of tiie present invention is to provide a real-time camera control process 
for significantly reducing the amount of image data captured by the system which does not 
contam relevant information, thus increasing the package identification performance of the 
camera subsystem, while using less computational resources, thereby aUowing the camera 
subsystem to perform more effidentiy and productivity. 
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Another object of the present invention is to provide a camera control computer for 
generating real-time camera control signals that drive the zoom and focus lens group translators 
within a high-speed auto-focus/auto-zoom digital camera subsystem so that the camera 
automaticaUy caphires digital images having (1) square pixels (i.e. 1:1 aspect ratio) independent 
of package height or velocity, (2) significantly reduced speckle-noise levels, and (3) constant 
image resolution measured in dots per inch (dpi) independent of package height or velocity. 

Another object of the present invention is to provide an auto-focus/auto-zoom digital 
camera system employing a camera control computer which generates commands for cropping 
the corresponding slice (i.e. section) of the region of interest in the image being captured and 
buffered therewithin, or processed at an image processing computer. 

Another object of the present invention is to provide a tunnel-type package 
identification and dimensioning (PIAD) system comprising a plurality of PLEM-based package 
identification (FID) units arranged about a high-speed package conveyor belt structure, wherein 
the FID units are integrated within a high-speed data communications network having a 
suitable network topology and configuration. 

Another object of the present invention is to provide such a tunnel-type FIAD system 
wherein the top FID unit includes a LDIP subsystem, and functions as a master FID uxdt within 
the tunnel system, whereas the side and bottom PK) units (which are not provided with a LDIP 
subsystem) function as slave FID units and are programmed to receive package dimension data 
.e.g. height, length and width coordinates) from the master FID unit, and automaticaUy convert 
(i.e. transform) on a real-time basis these package dimension coordinates into their local 
coordinate reference frames for use in dynamicaUy controlling the zoom and focus parameters 
of the camera subsystems employed in the hmnel-type system. 

Another object of the present invention is to provide such a tunnel-type system, wherein 
the camera field of view (FOV) of the bottom FID unit is arranged to view packages through a 
smaU gap provided between sections of the conveyor belt structure. 

Another object of the present invention is to provide a CCD camera-based tunnel 
system comprising auto-zoom/auto-focus CCD camera subsystems which utilize a "package- 
dimension data" driven camera control computer for automatic controlling flie camera zoom 
and focus characteristics on a real-time manner. 

Another object of the present invention is to provide such a CCD camera-based hmnel- 
type system, wherein the package-dimension data driven camera control computer involves (i) 
dimensioning packages in a global coordinate reference system, (ii) producing package 
coordinate data referenced to the global coordinate reference system, and (iii) distributing the 
package coordinate data to local coordinate references frames in the system for conversion of 
the package coordinate data to local coordinate reference frames, and subsequent use in 
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automatic camera zoom and focus control operations carried out upon the dimensioned 
packages. 

Another object of the present invention is to provide such a CCD camera-based tunnel- 
type system, wherein a LDIP subsystem within a master camera unit generates (i) package 
height, width, and length coordinate data and (ii) velocity data, referenced with respect to the 
global coordinate reference system R^^„ and these package dimension data elements are 
transmitted to each slave camera unit on a data communication network, and once received, the 
camera control computer within the slave camera unit uses its preprogrammed homogeneous 
transformation to converts there values into package height, width, and length coordinates 
referenced to its local coordinate reference system. 

Another object of the present invention is to provide such a CCD camera-based hmnel- 
type system, wherein a camera control computer in each slave camera unit uses the converted 
package dimension coordinates to generate real-time camera control signals which intelUgently 
drive its camera's automatic zoom and focus imaging optics to enable the intelligent caphire 
and processing of image data containing information relating to the identify and/or destination 
of the transported package. 

Another object of the present invention is to provide a bioptical PLIIM-based product 
identification, dimensioning and analysis (PIDA) system comprising a pair of PLDM-based 
backage identification systems arranged within a compact POS housing having bottom and side 
light transmission apertures, located beneath a pair of imaging windows. 

Another object of the present invention is to provide such a bioptical PLIIM-based 
system for capturing and analyzing color images of products and produce items, and thus 
enabling, in supermarket environments, "produce recognition" on the basis of color as well as 
dimensions and geometrical form. 

Another object of the present invention is to provide such a bioptical system which 
comprises: a bottom PLIIM-based unit mounted within the bottom portion of the housing; a 
side PLIIM-based unit mounted within the side portion of tixe housing; an electronic product 
weigh scale mounted beneath tiie bottom PLIIM-based unit; and a local data communication 
network mounted within the housing, and estabUshing a high-speed data communication link 
between the bottom, and side units and tiie electronic weigh scale. 

Another object of tiie present invention is to provide such a bioptical PLIIM-based 
system, wherein each PLIIM-based subsystem employs (i) a pluraUty of visible laser diodes 
(VLDs) having different color producing wavelengtiis to produce a multi-spectral planar laser 
illumination beam (PLIB) from the side and bottom imaging windows, and also (u) a 1-D 
(linear-type) CCD image detection array for caphiring color images of objects (e.g. produce) as 
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*e obiects are manually .ransported pas, tt» imagl.^ ™dow, of U« biopfeal system, along 
the d,«ct,on of fte indicator arrow, by the user or operator of the system (e.g. retail sales clerk) 

Another object of the present invention is ,o provide such a bioptiaU Plm«»..d 
system, wherein «,e PUIM-based subsystem instaHed within the bottom pordon of U« housing, 
projects an automaHcaUy swept PUB and a stationary 3-0 POV Um,ugh the bottom Ughl 
transmission window. 

Another object of the present invention is to provide such a bioptical PUIM-based 
system wherein each PUIM*ased subsystem comprises (i) a pluraUty of visible laser diodes 
VLDs) having differ,, color producing wavelengths to produce a multi-spectral planar laser 
Ulummadon beam (PUB) from U» side and bottom imaging wi«Jow,, and also (ii) a 2-0 (area- 
type) CCD m«ge detecHon array for capturing color images of objects (e.g. produce) as the 
obiects are presented to a« imaging windows of the bioptical system by the user or operator of 
the system (e.g. retail sales clerk). 

Another object of the present invention is to provide a miniature planar laser 
lUummaaon module (PUM) on a semiconductor chip tha. can be febricated b, aligning and 
Wmang , micro-si^d cylindrical lens array ^»n a l™ar array of surface emit lasers (SBU) 
formed on a semiconductor substrate, encapsulated (i.e. encased) in a semiconductor package 
provrded wiU> elecMcal pins and a Ught transmission window, and emitting laser emiLion m 
the direction normal to the semiconductor substrate. 

Another d,jec of the present invention is to provide such a miniature planar laser 
Olummahon module (PUM) on a semiconductor, wherein the laser output theiefrom is a plana, 
laser muminaHon beam (PUB) composed of numerous (e.g. 100-400 or more) spatially 
mcoherent laser beams emitted from the linear array of SEls. 

Anote object of a,e present invenHon U to provide such a miniature planar laser 
JIummation module (PUM) on a semiconductor, wherein each SEL in the laser di«Je array cm 
be designed to emit coherent radiaHon at a different ch^acterisdc wavelengths to p^duce 
array of laser beams whfch are substantially temporafly and spatiaUy iiKoheren, with respect to 
each other. *^ 

Another object of a,e present invention is to provide such a PUM-based semiconductor 
chip, which produces a temporally and spatially coherent-reduced planar laser iUumination 
p«m (PUB) capable of illuminating objects and producing digiW images having substanBaHy 
r^uced speckle-noise patterns observable a. the image detector of .he PUIM-based system in 
which the PUM is employed. ^ 

»' *^ P«-nt invention is to provide a PUM-based semiconductor 
whrf, can be made to illuminate objects outside of the visible portion of the electromagnetic 
sp«*um(e.g.overtheUVand/ormporlionofthespeclrum). 
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Another object of the present invention is to provide a PLIM-based semiconductor chip 
which embodies laser mode-locking principles so that the PUB transmitted from the chip is 
temporal intensity-modulated at a sufficiently high rate so as to produce ultra-short planes of 
hght ensuring substantial levels of speckle-noise pattern reduction during object iUumination 

and imaging applications. 

Another object of the present invention is to provide a PLIM-based semiconductor chip 
which contains a large number of VCSELs (i.e. real laser sources) fabricated on semiconductor 
chip so that speckle-noise pattern levels can be substantially reduced by an amount 
proportional to the square root of the number of independent laser sources (real or virtual) 
employed therein. ' 

Another object of the present invention is to provide such a miniatiire planar laser 
illumination module (PLIM) on a semiconductor chip which does not require any mechanical 
parts or components to produce a spatially and/or temporaUy coherence reduced PUB during 
system operation. ^ 

Another object of the present invention is to provide a novel planar laser illumination 
imaging module (PUIM) realized on a semiconductor chip comprising a pair of micro- 
>ized (diffractive or refractive) cylindrical lens arrays mounted upon a pair of linear arrays of 
surface emitting lasers (SELs) fabricated on opposite sides of a linear image detection array 

Another object of the present invention is to provide a PUIM-based semiconductor chip 
^herem both the linear image detection array and linear SEL arrays are formed a common 
semiconductor substi-ate, and encased within an integrated circuit package having electrical 
:onnector pins, a first and second elongated light transmission windows disposed over the SEL 
irrays, and a third Ught tiransmission window disposed over the linear image detection array 

Another object of the present invention is to provide such a PLIIM-based semiconductor 
:hip, which can be mounted on a mechanically oscillating scanning element in order to sweep 
>oti. the FOV and coplanar PUB through a 3-D volume of space in which objects bearing b^ 
:ode and other machine-readable indida may pass. 

Another object of the present invention is to provide a novel PLIIM-based 
semiconductor chip embodying a plurality of linear SEL arrays which are electronically, 
activated to electro-optically scan (i.e. iUuminate) tite entire 3-D FOV of the image detection 
array without using mechanical scanning mechanisms. 

Another object of the present invention is to provide such a PUIM-based semiconductor 
chip, wherein the miniatiire 2D VLD/CCD camera can be realized by fabricating a 2-D array of 
SEL diodes about a centrally located 2-D area-type image detection array, both on a 
semiconductor substrate and encapsulated witiiin a IC package having a centrally-located light 
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transmission window posiHoned ov„ U« image detection array, and a peripheral ligh. 
Iransm^sionwindowposittonedoverthesurroundingZ-DarrayofSELdiodes 

A"°'h''<*l«^' of the pre^tinvenHoni, to provide such a PUIM4««d«mfc^ 
ch.p wherein Ugh. focusing len. element is aligned with and mounted over the centraUy- 
ocated hgh, transmission window to define a 3D field of view (FOV) for forming images on I 
2-D .mage detection array, whereas a 2-0 array of cylindrical lens elements is aligned wiU, and 
mounted over the peripheral light transmission window ,o substantiaUy planarize the laser 
em.ss.on from the linear SEL arrays (comprising the 2-0 SEL a,H,y) during operation 

Another object of the present invention is to provide such a PLIlM4,ased semiconductor 
dup wherem each cylindrical lens element is spatialiy align«l with a row (or co,umn) ,in the 2- 
D CCD m«ge detection array, «,d each linear array of SEU in the 2.D SEL array, over which a 
cyhndncal lens element is mounted, is electricaUy addres^ble (i.e. activatable) by laser diode 
control and drive dnnuts which can be fabricated on the same semiconductor substrate 

Another object of the present invenhon is to provide such a PUW-based semiconductor 
*.P wh.ch enables the illunUnation of an object residing within the 3D FOV during 
Ulummah™ operations, and the formation ^^an image strip on the corresponding rows (o! 
columns)ofdetectorelementsintheimagedetectionarray. k s .or 

""I ■'^^ ta greater detaU in the Detailed Description of the DlustraKve 
Embodunents ^ forth below, such objective, ar. achieved in novel methods of and systems for 

pUnar laser .llummafon beams (PUBs) having subs.anHaUy-planar spatial distribution 
charactenst.cs that extend U.rough the Held of view (FOV) of image formation and detection 
mMules (e g. reatized within a CCD-type digital eleCn-nic camera, or a 35 mm optical-film 
photographic camera) employed in such systems. 

In the fflustrative embodiments of the present invention, U.e substantiaUy planar Ugh. 
Jlammati«, beams are prefe^ly p„^„eed from a planar laser fflumination beam Ly (PlI,, 
comprising a pluraUty of planar laser iUumination modules (PUMs). Each PLIM comprises a 
v»*le laser di^e (VID), a focusing lens, and a cylindrical optical element a^anged the^th 
The md.v.dual planar laser iUuminaHon beam components produced from each PUM are 
optically combined within the PUA to produce a composite substantiaUy pla^r laser 
Ulummation beam having substantiaUy uniform power density characteristics over the entire 

spatialextimtthe^of and U,us the working range of the system, in which thePUAisembodied 

Preferably, each planar laser iUumination beam component is focused so that the 
mm.n,um beam width thereof occurs at a point or plane which is the far«,est or maximum 
obiec^d^tance at which the system is designed to acquire images. In the case of both fixed I 
var^ble focal length imaging systems, this inventive principle helps compensate for de^at 
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in the power der^ity of the incident planar laser iUumination beam due to the fact that the 
width of the planar laser illumination beam increases in length for increasing object distances 
away from the imaging subsystem. 

By virtue of the novel principles of the present invention, it is now possible to use both 
VLDs and high-speed electronic (e.g. CCD or CMOS) image detectors in conveyor, hand-held 
presentahon, and hold-under type imaging appHcations alike, enjoying the advantages and 
benefits that each such technology has to offer, while avoiding the shortcomings and drawbacks 

hitherto associated therewith. 

Tl^ese and other objects of the present invention will become apparent hereinafter and in 
the Claims to Inventioa 



BRIEF DESC RIPTION OF THE DRAWTNr:<; 

For a more complete understanding of the present invention, the following Detailed 
Description of the Illustrative Embodiment should be read in conjunction with the 
accompanying Drawings, whereia* 

Fig. lA is a schematic representation of a first generalized embodiment of the planar 
laser lUummation and (electronic) imaging (PLUM) system of the present invention, wherein a 
pan- of planar laser illumination arrays (PUAs) are mounted on opposite sides of a linear (i e 1- 
dmtensional) type image formation and detection (IFD) module (i.e. camera subsystem) having 
a hxed focal length imaging lens, a fixed focal distance and fixed field of view, such that the 
planar illumination array produces a stationary (i.e. non-scanned) plane of laser beam 
dlummation which is disposed substantially coplanar with the field of view of the image 
formation and detection module during object illumination and image detection operations 
carried out by the PUIM-based system on a moving bar code symbol or other graphical 
structure; 

I Fig. IBl is a schematic representation of the first illustrative embodiment of the PLIIM- 
fcased system of the present invention shown in Fig. 1 A, wherein the field of view of the image 
formation and detection (IFD) module is folded in the downwardly imaging direction by the 
field of view folding mirror so that both the folded field of view and resulting stationary planar 
laser lUummation beams produced by the planar illumination arrays are arranged in a 
substantially coplanar relationship during object illumination and image detection operations; 

Fig. 1B2 is a schematic representation of the PLHM-based system shown in Fig lA 
wherein the linear image formation and detection module is shown comprising a linear array oi 
photo-electironic detectors realized using CCD technology, each planar laser iUumination array 
IS shown comprising an array of planar laser mumination modules; 
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Fig. 1B3 is an enlarged view of a portion of the planar laser iUumination beam (PUB) 
and magnified field of view (FOV) projected onto an object during conveyor-type illumination 
and imaging appUcations shown in Fig. IBl, iUustrating that the height dimension of the PUB is 
substantially greater tiian the height dimension of each image detection element in ttie linear 
CCD image detection array so as to decrease ihe range of tolerance that must be maintained 
between the PUB and the FOV; 

Fig. 1B4 is a schematic representation of an Ulustrative embodiment of a planar laser 
illumination array (PLIA), wherein each PUM mounted therealong can be adjustably tilted 
about the optical axis of the VLD, a few degrees measured from the horizontal plane; 

Fig. 1B5 is a schematic representation of a PUM mounted along the PUA shown in Rg. 
1B4, illustirating tftat each VLD block can be adjustably pitched forward for aligmnent with 
other VLD beams produced from the PLIA; 

Fig. IC is a schematic representation of a first iUush-ative embodiment of a single-VLD 
planar laser iUumination module (PLIM) used to constiuct each planar laser illumination array 
shown in Fig. IB, wherein the planar laser iUumination beam emanates substantiaUy within a 
single plane along the direction of beam propagation towards an object to be opticaUy 
Uliuninated; 

Fig. ID is a schematic diagram of tixe planar laser Ulumination module of Fig. IC, shown 
comprising a visible laser diode (VLD), a Ught colUmating focusing lens, and a cyUndrical-type 
W element configured togetiter to,produce a beam of planar laser illumination; 

Fig. lEl is a plan view of ttie VLD, collimating lens and cylindrical lens assembly 
employed in ttie planar laser Ulumination module of Fig. IC, showing fl^at the focused laser 
beam from tixe collimating lens is directed on the input side of the cylindrical lens, and the 
output beam produced therefi-om is a planar laser Ulumination beam expanded (i.e. spread out) 
along the plane of propagation; 

Fig. 1E2 is an elevated side view of the VLD, colUmating focusing lens and cylindrical 
lens assembly employed in tiie planar laser Ulumination module of Fig. IC, showing that the 
laser beam is tiansmitted tiuough tixe cyUndrical lens wititout expansion in ttie direction normal 
to tiie plane of propagation, but is focused by the coUimating focusing lens at a point residing 
witiiin a plane located at the farthest object distance supported by the ?UM system; 

Fig. IF is a block schematic diagram of the PLHM-based system shown in Fig. lA, 
comprising a pair of planar laser Ulumination arrays (driven by a set of digitaUy-programmable 
VLD driver circuits that can drive the VLDs in a high-frequency pulsed-mode of operation), a 
linear-type image formation and detection (IFD) module or camera subsystem, a stationary fieW 
of view (FOV) folding mirror, an image frame grabber, an image data buffer, an image 
'-'rocessing computer, and a camera control computer; 
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Fig. IGl IS a schematic representation of an exemplary realization of the PLUM-based 
system of Fig. lA, shown comprising a linear image formation and detection (IFD) module a 
paxr of planar laser illumination arrays, and a field of view (FOV) folding i„i,ror for foldirtg the 
hxed field of view of the linear image formation and detection module in a direction that is 

Fig. 1G2 is a plan view schematic representation of the PLEM-based system of Fig IGl 
taken along line 1G2.1G2 therein, showing the spatial extent of the fixed field of view of the 
linear image formation and detection module in the illustrative embodiment of the present 

invention; ^ 

Figs. 1G3 is an elevated end view schematic representation of the PLUM-based system of 
Fig. IGl, taken along line 1G3-1G3 therein, showing the fixed field of view of the linear image 
formation and detection module being folded in the downwardly imaging direction by the fi dd 
) view folding mirror, the planar laser illumination beam produced by each planar laser 
Summation module being dkected in the imaging direction such that both the folded field of 
Kaew and planar laser illumination beams are arranged in a substantiafly cc^W relationshh, 
lurmg object illumination and image detection operations; 

Fig. 1G4 is an elevated side view schematic representation of the PIUM-based system of 
•ig. IGl, taken along line 1G4-1G4 therein, showing fl^e field of view of the image formation 
nd detection module being folded in the downwardly imaging direction by the field of view 
oldmg mirror, and the planar laser illumination beam produced by each planar laser 
mummation module being directed along the imaging direction such that both the folded fieM 
bf vxew and stationary planar laser illumination beams are arranged in a substantially coplanar 
relationship during object illumination and image detection operations; 

Fig. 1G5 is an elevated side view of the PUIM-based system of Fig. IGl, showing ihe 
.tial hmits of ti.e fixed field of view (FOV) of the image formation and detection mcxiule 
hen set to image the tallest packages moving on a conveyor belt struchare, as well as the 
>atial fimits of the fixed FOV of the image formation and detection module when set to imag. 
.bjects having height values close to fte surface height of the conveyor belt structure; 

Fig. 1G6 is a perspective view of a first type of light shield which can be' used in the 
'UIM-based system of Fig. IGl, to visually block portions of planar laser illumination beams 
.hich extend beyond the scanning field of the system, and could pose a health risk to humans if 
lewed thereby during system operation; 

Fig. 1G7 is a perspective view of a second type of Ught shield which can be used in the 
UIM-based system of Fig. IGl, to visually block portions of planar laser illumination beams 
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which extend beyond fte scanning field of sy^, and could pose a health risk to humans if 
Viewed thereby during system operation; 

Fig. 1G8 is a perspective view of one planar laser iUumination array (PLIA) employed in 
the PLHM-based system of Fig. IGl, showing an array of visible laser diodes (VLDs) each 
mounted within a VLD mounting block, wherein a focusing lens is mounted and on the end of 
which there is a v-shaped notch or recess, within which a cylindrical lens element is mounted 
and wherein each such VLD mounting block is mounted on an L-bracket for mounting within 
the housmg of the PLHM-based system; 

Fig. 1G9 is an elevated end view of one planar laser iUumination array (PLL\) employed 
m the PLUM-based system of Fig. IGl, taken along line 1G9-1G9 thereof; 

Fig. IGIO is an elevated side view of one planar laser illumination array (PLIA) 
employed in the PLUM-based system of Fig. IGl, taken along line IGIO-IGIO therein, showin, 
a visible laser diode (VLD) and a focusing lens mounted within a VLD mounting block, and a 
cyhndncal lens element mounted at the end of the VLD mounting block, so that the central axis 
of the cybndrical lens element is substantiaUy perpendicular to the optical axis of the focusine 
lens; ^ 

nx. f ^" ^ '''^ °^ "^^^^ employed in the 

PLUM-based system of Fig. IGl, taken along a viewing direction which is orthogonal to the 
central axis of the cylindrical lens element mounted to the end portion of the VLD mounting 

Fig. 1G12 is an elevated plan view of one of VLD mounting blocks employed in the 
PLUM-based system of Fig. IGl, taken along a viewing direction which is parallel to the central 
axis of the cylindrical lens element mounted to the VLD mounting block; 

^^S- ^^13 is an elevated side view of the coUimating lens element installed within each 
VLD mountmg block employed in the PLUM-based system of Fig. IGl; 

Fig. 1G14 is an axial view of the colUmating lens element i^taUed within each VLD 
mounting block employed in the PLUM-based system of Fig. IGl; 

Fig. 1G15A is an elevated plan view of one of planar laser illumination modules (PLIMs) 
employed in the PLUM-based system of Fig. IGl, taken along a viewing direction which is 
paraUel to the central axis of the cylindrical lens element mounted in the VLD mounting block 
thereof, showing that the cylindrical lens element expands (i.e. spreads out) the laser beam 
along the direction of beam propagation so that a substantiaHy planar laser iUumination beam is 
produced, which is characterized by a plane of propagation that is coplanar with the direction 
of beam propagation; 

Fig. 1G15B is an elevated plan view of one of the PUMs employed in the PLDM-based 
system of Hg IGl, taken along.viewing direction which is peT«ndicular to the central axis of 
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the cylindrical lem ekmen. mounted wiUun axial bore of the VLD m„™«„g ^ 
showing ma. .he focusing lens plamr focu«s the laser beam to its minimum beam widtt, a, a' 
point which is the farthest dist««e a. which the system Is designed to capture in«ges, while the 
TUndncal lens etem^t does not expand or spread ou, the laser beam in a,e direction normal to 
the plane of propagation of fte planar laser illumination beam; 

Fig. 1G16A is a peKpective view of a second illustrative embodiment of the PUM of tt„ 
present mvention, wherein a first illustrative embodiment of a Powell-type linear diverging lens 
B used toproducetheplanarlasermuminationbeam (PLlB)there6om; 

Fig. 1G168 is a perspective view of a third illustrative embo^t of the PUM of U« 
present mvention, wherein a generalized embodiment of a Powell-type linear diverging lens is 
used to produce «» planar laser iUumination beam (FLB) therefrom; 

Hg. 1G17A is a perspective view of a fourtt, Ulustrative embodiment of .he PUM of the 
presen. invention, wh^ein a visible laser diode (VLD) and a pair of smaU cylindrical lenses are 
all mounted within a lens barrel permitting independen. adj„s.n,en, of these optical 

TrTu ? '^'^ """'"^ '^"""8 8««-tion of a 

^.bstaMtaUy pbna. User be«„ (PUB) .herefrom, wh«ein a,e firs, cylindrical lens is a 
PCX-type lens having a piano (i.e. flat) surface and one outwardly cylindrical surface with a 
positive focal length and its base and ti« edges cut according .o a circular profile for ft,cusing 
tt-e laser beam, and the second cylindrical lens is a FCV..ype lens having a piano (i e fla.) 
surfcoe ^ «^ inward cylindrical surface having a negative focal lengft and i.s base and edge^ 
cut ac«,rding to a circular profUe, for use in spreading (i.e. diverging or planarizing) the iL 

^ por? "^'"^ 1. ' ""^'^^ <" ^ PLIM shown in Fig. ,G17A iUustiating that 
ttle PO( lens IS capable of undergoing tianslation in the X direction for focusing; 
,K oJ!* ^ ' cross^onal view of tt« PUM shown in Fig 1G17A iliustiating a». 

tt« PCX tens is capable of undergoing rotati^. about the x axis to ensure that it only eifects a« 
)eam along one axis; 

h, rvn^f " ' ""^"^ ™" *^ Fig. 1GI7A illustrating a«t 

«K PCV lem .s capable of u^lergoing roMon about «« x axis to ensure that i. only effects tt» 

)eam along one axis; 

fcK n ^' ^^'^ ' ^os^sectional view of the PLIM shown in Fig. 1G17A iUustrating that 
the VLD requires rotation about the y axis for aiming purposes; 

VT n ' «°^-«^<^«onal view of the PLIM shown in Fig. 1G17A Ulustrating that 
the VLD requires rotation about the x axis for desmiling purposes; 
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Fig. IHl is a geometrical optics model for the imaging subsystem employed in the 
hnear-type image formation and detection module in the PIUM system of the first generalized 
embodiment shown in Fig. 1 A; 

Fig. 1H2 is a geometrical optics model for the imaging subsystem and linear image 
detection array employed in the linear-type image detection array of the image formation and 
detection module in the PUIM system of the first generalized embodiment shown in Fig lA- 

F,g. 1H3 is a graph, based on thin lens analysis, showing that the image distance at 
hich hght is focused through a thin lens is a function of the object distance at which the Ueht 
dginates; ^ 

Fig. 1H4 is a schematic representaSon of an imaging subsystem having a variable focal 
[.stance lens assembly, whe«in a group of lens can be controUably moved along the opdcal 
,x,s of the subsystem, and having a,e e«ect of changing the image distance to compensate for a 
:hange m object distance, allowing the teiage detector to remain in place; 

Rg. 1H5 is schemaHc representation of a variable focal length (zoom) Imaging 
subsystem which is capable of changing its focal length over a given range, so that a longer 
ocalJengthproducesasmallerSeldofviewafaghrenolijectdislance; 

Kg. 1H6 is a schematic representation iUustrating (i) the projection of a CCD imase 
letectton element (i.e. pixel) onto the object plane of the image formation and detection (ITO) 
^odule (..e. camera subsystem) employed in fte PUIM systems of the present invention, and 
In) vanous optical parameters used to model the camera subsystem; 

Fig. Ill is a schematic representation of the PUIM system of Fig. lA embodying a first 
seneralized method of reducing the RMS power of observable speckle-noise pattens, wherein 
Se planar laser iUuminaHon beam (PUB) produced tiom the PLOM system is spatial phase 
adulated along its wavefront according to a spaHal phase modulation function (SIMF) prior to 
.b^ Ulumination. so that the object (e.g package) is iUuminated with a spatially coherent- 
educed plana, laser beam and, as a result, numerous substantially different time-varying 
.peckle-noise patterns are produced and detected over the phot<vintegra,ion time period of the 
pnag. detecHon array, thereby aUowing the speckle-noise patterns to be temporally and 
^ahaUy averaged over the photo-integration time over the image detection elements and the 
power of the observable speckle-noise partem reduced at the image detection array 
F.g. 1I2A is a schemata representation of the PUM system of Fig. m, iUustrating the 
^t ger^ralized speckle-noise pattem reduction method of the present invenHon applied to the 
lanar laser Ulumination array (PLIA) employed therein, wherein numerous substanHallv 
Jferent speckle-noise patterns are produced ,t the image detection array during the phot, 
^tegratron tune period ther«,f using spatial phase moddation techniques to modulate U« 
.hase along the wavefront of the PUB, and temporally and spatially averaged at the Image 
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de.ec«o„ array during the pho.o-in,egraHon toe pericKi ftereof, ftereby reducing the RMS 
power of speckle-noise patterns observed at the image detection array 

f«''''''^;"8^-'"'''^*.«»e«tagfo'ththeprim«y;tep,i„v^^ 
ftetos generahzed method o£ reducing the RMS power of obse^abte speckl^noise patterrT^ 
I'UlM-based Systems, illustrated in Figs. Ill and 1I2A; 

««• is a perspective view of an opHcal assembly comprising a planar laser 
dhmma^on array PLIA, with a pair of refractive-type oyUndrical lens arrfys, and an 
electronrcaUy^ontroUed mechanism for micro-osdllating the cylindrical lens arrays using two 
paus 0 ultrasonic transducers arranged in a posh-puU c«^g„ration so that transmitted planar 
laser Ulummafon beam (PUB) is spatial phase modulated along its wavefront producing 
numerous (le. many) substantiaHy different Bme-varying speckle-noise panems a, the ima~ 
detection array of the IFD Subsystem during the photo-integration Hme period thereof, and 
enabhng numerous time-varying speckl^noise patterns produced a. the image detecdon array 
to be temporaUy and/or spaHally averaged during the photo-integraHon Hme period ther J 
thereby reducing the speckle-noise patterns observed at the image detection array 

Hg. IBB is . perspecth-e view of the pair of reftacHve-type cylindrical lens arrays 
employed m the optical assembly shown in Hg. IBA; 

Fig^lBC is a perspective view of .he dual array support frame employed in the optical 
assembly shown in Fig. IDA; 

'■'S- ' representation of l^e dual refracHve-lype cylindrical lens array 

™ employed in Fig. IBA. shown conSgured between two pairs of ultrasonic transduce, 
(or flexural elements driven by voice<oil type devices) operated in a push-pull mode of 
operahon, so that at least one cylindrical lens array is constancy moving when the o.h« array is 
momentarily stalfanary during lens array direction reversal; 

Hg. IBE is a geometrical model of a subsection of the optical assembly shown in Fig 
IBA. dlustraring «« firs, orde, parameters involved in the PUB spaHal phase modulatir!; 
pro«ss, which are required for there be a difference in phase along wavetront of .he PUB so 
that ead, speckle-noise pattern viewed by a pair of cylindrical lens elements in the imaging 
optKsbecomesunconelatedwimrespecttofteoriginalspeckle-noisepattem; 

Fig. IBF is a pictorial representata of a string of numbers imaged by the PUlM-based 
system of the present invention wittKH.. the use of toe f^st ger^ralized speckle-noise reduc«on 
techniques of the present invention; 

hr,™!"* "^u f'"""^' "P"^^""""" *tag of numbers (shown in Fig. 

«3B1, miaged by the FUmi-based system o, the present invenHon using the firs, generaliz^ 
^norse reduchon technique of the present invenHon, and showing a sig^ficant ,educH„„ 
m specH.no.se patterns observed in digital images captured by the electronic image detecHon 
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array employed in the PLnM-based system of the present invention provided with the 
apparatus of Fig. IDA; 

Fig. 1I4A is a perspective view of an optical assembly comprising a pair of 
(holographically-fabricated) diffractive-type cylindrical lens arrays, and an electronicallv- 
controUed mechanism for micro-oscillating a pair of cylindrical lens arrays using a pair of 
ultrasonic transducers arranged in a push-pull configuration so that the composite planar laser 
illummaHon beam is spatial phase modulated along its wavefront, producing numerous 
substantially different time-varying speckle-noise patterns at the image detection array of the 
IFD Subsystem during the photo-integration time period thereof, so that the numerous time- 
varying speckle-noise patterns produced at the image detection array can be temporaUy and 
spatiaUy averaged during the photo-integration time period thereof, thereby reducing the 
speckle-noise patterns observed at the image detection array; 

Fig. 1I4B is a perspective view of the refractive-type cylindrical lens arrays employed in 
the optical assembly shown in Fig. 1I4A; 

Fig. 1I4C is a perspective view of the dual array support frame employed in the optical 
assembly shown in Fig. 1I4A; 

Fig. 1I4D is a schematic representation of the dual refractive-type cylindrical lens array 
structure employed in Fig. 1I4A, shown configured between a pair of ultrasonic transducers (or 
flexural elements driven by voice<oil type devices) operated in a push-pull mode of operation; 

Fig. 1I5A is a perspective view of an optical assembly comprising a PLIA with a 
stationary refractive-type cylindrical lens array, and an electronicaUy-controUed mechanism for 
micro-osdUating a pair of reflective-elements pivotally connected to each other at a common 
pivot point, relative to a stationary reflective element (e.g. mirror element) and the stationary 
refrachve-type cylindrical lens array so that the transmitted PLIB is spatial phase modulated 
along its wavefront, producing numerous substantially different time-varying speckle-noise 
patterns produced at the image detection array of the IFD Subsystem during the photo- 
integration time period thereof, so that the numerous time-varying speckle-noise patterns 
produced at the image detection array can be temporally and spatially averaged during the 
photo-integration time period thereof, thereby reducing the speckle-noise patterns observed at 
the image detection array; 

Fig. 1I5B is a enlarged perspective view of tiie pair of micro-oscillating reflective 
elements employed in tiie optical assembly shown in Fig. 1I5A; 

Fig. 1I5C is a schematic representation, taken along an elevated side view of the optical 
assembly shown in Fig. 1I5A, showing the optical path which the laser illumination beam 
produced thereby b:avels towards the target object to be iUuminated; 
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F.g. 1I8A ,s a perspecHve view of an optical assembly comprising a PUA with a 
s.a«ona,y refacHve-type cylindrical lens array, and a PUB micro^tton mechanism 
real^ by a refactive-type phase-modulation disc that is rotat«i .bout its axis fbrougk the 
composite planar laser illuminaHon beam so that the transmitted PUB is spatial phase 
modulated along its wavefront as it is transmitted through the phase modulation disc 
producing numerous substantially different time-varying speckle-noise patterns at the image' 
detecHon array during the photo-integration time period thereof, which are temporaUy and 
spatially averaged during the phot,^integration time period thereof, thereby reducing the RMS 
power of speckle-noise patterns observed at the image detection array; 

side view of the refractive-type phase-modulation disc employed 
m the Optical assembly shown in Fig, 1I8A; 

Fig. 1I8C is a plan view of the optical assembly shown in Fig. 1I8A, showing the 
resultmg micro-oscillation of the PLIB components caused by the phase modulation introduced 
by the refractivetype phase modulation disc rotating in the optical path of the PLIB 

Fig. USD is a schematic representation of the refractive-type phase-modulation disc 
employed in the optical assembly shown in Fig. 1I8A, showing the numerous sections of the 
dasc^which have refractive indices that vary sinusoidally at different angular positions along 

Fig. USE is a schematic representation of the rotating phase-modulation disc and 
.^honary cylindrical lens arraj. employed in the optical assembly shown in Fig. 1I8A, showing 
that the electnc field components produced from neighboring elements in the cylindrical J 
array are optically combined and projected into the same points of the surface being 
Oluminated, thereby contributing to the resultant electric field intensity at each detector element 
m the unage detection array of the IFD Subsystem; 

Fig. 1I8F is a schematic representation of an opHcal assembly for reducing the RMS 
^wer of speckle-noise patterns in PLHM-based systems, shown comprising a PLIA, a backlit 
transmassive-type phase-only LCD (PaLCD) phase modulation panel, ar^d a cylindrical lens 
may positioned closely thereto arranged as shown so that each planar laser illumination beam 
ItPUB) IS spatial phase modulated along its wavefront as it is transmitted through the PO-LCD 
»hase modulation panel, producing numerous substantially different time-varying speckle- 
|o.se patterns at the image detection array of the IFD Subsystem during the photo-integration 
ime penod of the image detection array thereof, which are temporally and spatially averaged 
lurmg the photo-integration time period thereof, thereby reducing the RMS power of speckle- 
loise patterns observed at the image detection array; 

Fig. 1I8G is a plan view of the optical assembly shown in Fig. 1I8F, showing the 
.ultmg micro-osdUation of the PLIB components caused by the phase modulation introduced 
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by the phase-only type LCD-based phase modulation panel disposed along the optical patii of 
the PLIB; 

Fig. 1I9A is a perspective view of an optical assembly comprising a PUA and a PLIB 
phase modulation mechanism realized by a refractive-type cylindrical lens array ring struchire 
ttiat is rotated about its axis through a faransmitted PLIB so that ttie transmitted PUB is spatial 
phase modulated along its wavefront, producing numerous substantiaUy different time-varying 
speckle-noise patterns at the image detection array of the IFD Subsystem during the photo- 
integration time period tfiereof, which are temporally and spatiaUy averaged during tiie photo- 
integration time period tfiereof, tfiereby reducing tiie RMS power of ttve speckle-noise patterns 
observed at the image detection array; 

Fig. 1I9B is a plan view of the optical assembly shown in Fig. 1I9A, showing the 
resulting micro-oscillation of ttie PLIB components caused by the phase modulation introduced 
by tfie cylindrical lens ring structure rotating about each PLL\ in the PLIIM-based system; 

Fig. lllOA is a perspective view of an optical assembly comprising a PLIA, and a PLIB 
phase-modulation mechanism realized by a diffractive-type (e.g. holographic) cylindrical lens 
array ring structure that is rotated about its axis tiirough \he transmitted PLIB so tiie 
transmitted PLIB is spatial phase modulated along its wavefront, producing numerous 
substantially different time-varying speckle-noise patterns at the image detection array of the 
IFD Subsystem during the photo-integration time period tfiereof, which are temporally and 
spatially averaged during the photo-integration time period tfiereof, ttiereby reducing tiie 
speckle-noise patterns observed at the image detection array; 

Fig. lllOB is a plan view of tiie optical assembly shown in Fig. lllOA, showing tfie 
resulting micro-oscillation of the PLIB components caused by tfie phase modulation introduced 
oy the cylindrical lens ring structure rotating about each PUA in tiie PUIM-based system; 

Fig. IIIIA is a perspective view of a PUIM-based system as shown in Fig. Ill 
embodying a pair of optical assemblies, each comprising a PLIB phase-modulation mechanism 
stationarily mounted between a pair of PUAs towards which ttie PLIAs direct a PUB, wherein 
tfie PLIB phase-modulation mechanism is realized by a reflective-type phase modulation disc 
stnxctxie having a cylindrical surface witfi (periodic or random) surface irregularities, rotated 
about its axis tfuough tiie PUB so as to spatial phase modulate tiie transmitted PUB along its 
wavefront, producing numerous substantiaUy different time-varying speckle-noise patterns at 
the image detection array of tfie IFD Subsystem during tfie photo-integration time period 
tfiereof, so that the numerous time-varying speckle-noise patterns can be temporally and 
spatially averaged during tfie photo-integration time period tfiereof, tfiereby reducing tfie RMS 
3ower of speckle-noise patterns observed at tfie image detection array; 

Fig. HUB is an elevated side view of tfie PUIM-based system shown in Fig. IIIIA; 
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Fig. line is an elevated side view of one of the optical assemblies shown in Fig. IIIIA, 
schematically illustrating how the individual beam components in the PUB are directed onto 
the rotating reflective-type phase modulation disc structure and ar« phase modulated as ftey 
are reflected thereoff in a direction of coplanar alignment with the field of view (FOV) of the 
IFD subsystem of the PLIIM-based system; 

Fig. 1I12A is a perspective view of an optical assembly comprising a FLIA and 
stationary cylindrical lens array, wherein each planar laser illumination module (FLIM) 
employed therein includes an integrated phase-modulation mechanism realized by a multi- 
faceted (refractive-type) polygon lens structure having an array of cylindrical lens surfaces 
symmebicaUy arranged about its circumference so that while the polygon lens structure is 
rotated about its axis, the resulting PUB bransmitted from the PLIA is spatial phase modulated 
along its wavefront, producing numerous substantially different time-varying speckle-noise 
patterns at the image detection array of the IFD Subsystem during the photo-integration time 
period thereof, so that the numerous time-varying speckle-noise patterns produced at the image 
detection array can be temporaUy and spatially averaged during the photo-integration time 
period thereof, thereby reducing the speckle-noise patterns observed at the image detection 
array; 

Fig. 1I12B is a perspective exploded view of the rotatable multi-faceted polygon lens 
shiicture employed in each PLIM in the PUA of Fig. 1I12A, shown rotatably supported witiun 
an aperhured housing by a upper and lower sets of baU bearings, so that while the polygon lens 
structure is rotated about its axis, the focused laser beam generated from the VLD in the PLIM 
is ti-ansmitted through a first aperture in the housing and tiien into the polygon lens stiiictiire 
via a first cylindrical lens element, and emerges from a second cyhndrical lens element as a 
planarized laser illumination beam (PUB) which is transmitted through a second aperture in 
the housing, wherein the second cylindrical lens element is diamebically opposed to the first 
cylindrical lens element; 

Fig. 1I12C is a plan view of one of the PLIMs employed in the PLIA shown in Fig. 
1I12A, wherein a gear element is fixed attached to the upper portion of the polygon lens 
element so as to rotate the same a high angular velocity during operation of the opticaUy-based 
speckle-pattern noise reduction assembly; 

Fig. 1I12D is a perspective view of the optically-based speckle-pattern noise reduction 
assembly of Fig. 1I12A, wherein the polygon lens element in each PLIM is rotated by an electric 
motor, operably connected to the plurality of polygon lens elements by way of the 
intermeshing gear elements connected to tiie same, during the generation of component PLIBs 
from each of the PUMS in the PUA; 
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Fig. 1113 is a schematic of the PLIIM system of Fig. lA embodying a second generalized 
nethod of reducing the RMS power of observable speckle-noise patterns, wherein the planar 
laser illumination beam (PLIB) produced from the PLIIM system is temporal intensity 
jmodulated by a temporal intensity modulation function (TIMF) prior to object illumination, so 
^'aat the target object (e.g. package) is illuminated with a temporally coherent-reduced laser 
beam and, as a result, numerous substantially different time-varying speckle-noise patterns are 
produced and detected over the photo-integration time period of the image detection array, 
khereby allowing the speckle-noise patterns to be temporally averaged over the photo- 
|integration time period and/or spatially averaged over the image detection element and the 
Dbservable speckle-noise pattern reduced; 

Fig. 1I13A is a schematic representation of the PLnM-based system of Fig. 1113, 
pustrating the second generalized speckle-noise pattern reduction method of the present 
bnvention applied to the planar laser iUumination array (PUA) employed therein, wherein 
Numerous substantially different speckle-noise patterns are produced at the image detection 
array during the photo-integration time period thereof using temporal intensity modulation 
techniques to modulate the temporal intensity of the wavefront of the PLIB, and temporally and 
Utially averaged at the image detection array during the photo-integration time period 
thereof, thereby reducing the RMS power of speckle-noise patterns observed at the image 
detection array; 

Fig. 1I13B is a high-level flow chart setting forth the primary steps involved in practicing 
he second generalized method of reducing observable speckle-noise patterns in PLUM-based 
bystems, illustrated in Figs. 1113 and 1I13A; 

Fig. 1I14A is a perspective view of an optical assembly comprising a PLIA with a 
Cylindrical lens array, and an electronically<ontroUed PLIB modulation mechanism realized by 
- high-speed laser beam temporal intensity modulation structure (e.g. electro-optical gating or 
^hutter device) arranged in front of the cylindrical lens array, wherein the transmitted PLIB is 
temporally intensity modulated according to a temporal intensity modulation (e.g. windowing) 
"iction (TIMF), producing numerous substantially different time-varying speckle-noise 
patterns at image detection array of the IFD Subsystem during the photo-integration time 
period thereof, which are temporally and spatially averaged during the photo-integration time 
period thereof, thereby reducing the RMS power of speckle-noise patterns observed at the 
tiage detection array; 

Fig. 1I14B is a schematic representation, taken along the cross-section of the optical 
assembly shown in Fig. 1I14A, showing the optical path which each optically-gated PLIB 
-omponent within the PLIB travels on its way towards the target object to be iUuminated; 
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Fig. 1I15A is a perspective view of an optical assembly comprising a PUA embodying a 
plurality of visible mode-locked laser diodes (MLLDs), arranged in front of a cylindrical lens 
array, wherein the transmitted PUB is temporal intensity modulated according to a temporal- 
intensity modulation (e.g. windowing) function (TIMF), temporal intensity of numerous 
substantiaUy different speckle-noise patterns are produced at the image detection array of the 
IFD subsystem during the photo-integration time period thereof, which are temporaUy and 
spatially averaged during the photo-integration time period of the image detection array 
thereby reducing the RMS power of speckle-noise patterns observed at the image detection 
array; 

Fig. 1I15B is a schematic diagram of one of the visible MLLDs employed in the FLIM of 
•ig. 1I15A, show comprising a multimode laser diode cavity referred to as the active layer (e.g. 
InGaAsP) having a wide emission-bandwidth over the visible band, a colUmating lenslet having 
a very short focal length, an active mode-locker under switched control (e.g. a temporal- 
intensity modulator),, a passive-mode locker (i.e. sahirable absorber) for controlling the pulse- 
width of the output laser beam, and a mirror which is 99% reflective and 1% transmissive at the 
operatixejvavelength of the visible MLLD; 

Fig. 1I15C is a perspective view of an optical assembly comprising a PLIA embodying a 
plurality of visible laser diodes (VLDs), which are driven by a digitally-controlled 
programmable drive-current source and arranged in front of a cylindrical lens array, wherein 
the transmitted PUB from the PLIA is temporal intensity modulated according to a t«mponfl- 
mtensity modulation function (TIMF) controlled by the programmable drive-current source, 
modulating the temporal intensity of the wavefront of the transmitted PUB and producing 
numerous substantially different speckle-noise patterns at the image detection array of the IFD 
subsystem during the photo-integration time period thereof, which are temporaUy and spatiaDy 
averaged during the photo-integration time period of the image detection array, thereby 
reducing the RMS power of speckle-noise patterns observed at the image detection array; 

Fig. 1I15D is a schematic diagram of the temporal intensity modulation CITM) rontroller 
employed in the optical subsystem of Fig. 1I15E, shown comprising a pImaUty of VLDs, ead, 
arranged in series with a current source and a potentiometer digitally-controlled' by a 
programmable micro-controUer in operable communication with the camera control computer 
of thePLDM-based system; 

Fig. 1I15E is a schematic representation of an exemplary triangular current waveform 
transmitted across the junction of each VLD in the PLL\ of Fig. 1I15C, controlled by the miao- 
controUer, current source and digital potentiometer associated with the VLD; 



-79- 



10 



5 

Q 
13 



m 



m 



25 



30 



35 



Attorney Case N<|^ jeTUSAOOO 



Fig. 1I15F is a schematic representation of the light intensity output from each VLD in 
the PLIA of Fig. 1I15C in response to the triangular electrical current waveform transmitted 
across tiie junction of the VLD; 

Fig. 1116 is a schematic of the PLUM system of Fig. lA embodying a third generalized 
method of reducing the RMS power of observable speckle-noise pattenis, wherein the planar 
laser illumination beam (PUB) produced from the PUIM system is temporal phase modulated 
by a temporal phase modulation function (TPMF) prior to object iUumination, so that the target 
object (e.g. package) is illuminated with a temporally coherent-reduced laser beam and as a 
result, numerous substantially different time-varying speckle-noise patterns are produced and 
detected over the photc^integration time period of the image defection array, thereby allowing 
the speckle-noise patterns to be temporally averaged over the photo-integration time period 
and/or spatially averaged over the image detection element and the observable speckle-noise 
pattern reduced; 

Fig. 1I16A is a schematic representation of the PLIIM-based system of Fig 1116 
iUusfrating the third generalized speckle-noise pattern reduction method of the present 
invention appUed to the planar laser inumination array (PUA) employed therein, wherein 
numerous substantiaUy different speckle-noise patterns are produced at the image detection 
array during the photo-integration time period thereof using temporal phase modulation 
techmques to modulate the temporal phase of the wavefront of the PLIB (i.e. by an amount 
exceeding the coherence time length of the VLD), and temporaUy and spatially averaged at the 
.mage detection array during the photo-integration time period thereof, thereby reducing the 
RMS power of specklenoise patterns observed at the image detection array; 

Fig. 1I16B is a high-level flow chart setting forth the primary steps involved in practicing 
the third generalized method of reducing observable speckle-noise patterns in PLIIM-based 
systems, illustrated in Figs. 1116 and 1I16A; 

Fig. 1I17A is a perspective view of an optical assembly comprising a PLL\ with a 
cylindrical lens array, and an electricaUy-passive PLIB modulation mechanism realized by a 
^gh-speed laser beam temporal phase modulation structure (e.g. opticaUy reflective wavefront 
biodulatang cavity such as an etalon) arranged in front of each VLD within the PUA wherein 
the transmitted PLIB is temporal phase modulated according to a temporal phase modulation 
funchon (TPMF), modulating the temporal phase of the wavefront of the transmitted PUB (i e 
by an amount exceeding the coherence time length of the VLD) and producing numerous 
substantiaUy different time-varying speckle-noise patterns at image detection array of the IFD 
Subsystem during the photo-integration time period thereof, which are temporaUy and spatiafly 
averaged during the photo-integration time period thereof, thereby reducing the speckle-noise 
patterns observed at ttie image detection array; 
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Fig. 1I17B is a schematic representation, taken along the cross-section of the optical 
assembly shown in Fig. 1I17A, showing the optical path which each temporally-phased PUB 
component within the PUB travels on its way towards the target object to be ffluminated; 

Fig. 1I17C is a schematic representation of an optical assembly for reducing the RMS 
power of speckle-noise patterns in PLHM-based systems, shown comprising a PLIA, a backlit 
transmissive-type phase-only LCD (PO-LCD) phase modulation panel, and a cylindrical lens 
array positioned closely thereto arranged as shown so that the wavefront of each planar laser 
illumination beam (PUB) is temporal phase modulated as it is transmitted through the PaLCD 
phase modulation panel, thereby producing numerous substantially different time-varying 
speckle-noise patterns at the image detection array of the IFD Subsystem during the photo- 
integration time period of the image detection array thereof, which are temporally and spatiaOy 
averaged during the photo-integration time period thereof, thereby reducing the RMS power of 
speckle-noise patterns observed at the image detection array; 

Fig. 1I17D is a schematic representaHon of an optical assembly for reducing the RMS 
.ower of specWe-noise patterns in PUIM-based systems, shown comprising a PUA, a high- 
lensity fiber optical array panel, and a cylindrical lens array positioned closely thereto Arranged 
IS shown so that the wavefront of each planar laser illumination beam (PUB) is temporal phase 
nodulated as it is transmitted through the fiber optical array panel, producing numerous 
>ubstantiaUy different time-varying speckle-noise patterns at the image detection array of the 
^ Subsystem during the photo-integration time period of the image detection array thereof 
■hich are temporaUy and spatially averaged during the photc^integration time period thereof' 
tereby reducing the RMS power of speckle-noise patterns observed at the image detection' 
irray; 

Fig. 1I17E is a plan view of the optical assembly shown in Fig. 1I17D, showing the 
►ptical path of the PLIB components through the fiber optical array panel during the temporal 
>hase modulation of the wavefront of the PLIB; 

Fig. 1118 is a schematic of the PUIM system of Fig. lA embodying a fourth generalized 
lethod of reducing the RMS power of observable speckle-noise patterns, wherein the planar 
aser illumination beam (PLIB) produced from the PLIIM system is temporal frequency 
lodulated by a temporal frequency modulation function (TFMF) prior to object illumination, so 
hat the target object (e.g. package) is illuminated with a temporally coherent-reduced laser 
eam and, as a result, numerous substantially different time-varying speckle-noise patterns are 
reduced and detected over the photo-integration time period of the image detection array, 
hereby allowing the speckle-noise patterns to be temporally averaged over the photo- 
itegraHon time period and/or spatiaUy averaged over the image detection element and the 
bservable specklenoise pattern reduced; 
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Fig. 1I18A is a schemaHc representation of the PLHM-based system of Fig. 1118 
illustrating the fourth generalized speckle-noise pattern reduction method of the present 
invention appUed to the planar laser iUumination array (PUA) employed therein, wherein 
numerous substantially different speckle-noise patterns are produced at the image detection 
array during the photo-integration time period thereof using temporal frequency modulation 
techniques to modulate the phase along the wavefront of the PUB, and temporaDy and spatially 
averaged at the image detection array during the photo-integration time period thereof, thereby 
reducing the RMS power of speckle-noise patterns observed at the image detection array; 

Fig. 1118B is a high-level flow chart setting forth the primary steps involved in practicing 
the fourth generalized method of reducing observable speckle-noise patterns in PUIM-based 
systems, illustrated in Figs. 1118 and 1I18A; 

Fig. 1I19A is a perspective view of an optical assembly comprising a PLIA embodying a 
plurality of visible laser diodes (VLDs), each arranged behind a cylindrical lens, and driven by 
electrical a^vr-n^ . ■ - ; • ,.• , ,- , , . 

~ .-'-rrequency modulation signal so that (i) the 

transmitted PUB is temporally frequency modulated according to a temporal frequency 
modulation function (TFMF), modulating the temporal frequency characteristics of the PUB 
and thereby producing numerous substantiaUy different speckle-noise patterns at image 
detection array of the IFD Subsystem during the photo-integration time period thereof, which 
are temporally and spatially averaged at the image detection during the photo-integration time 
period thereof, thereby reducing the RMS power of observable speckle-noise pattenis; 

Fig. 1I19B is a plan, partial cross-sectional view of the optical assembly shown in Fie 
1I19B; ^' 

Fig. 1120 is a schematic representation of the PLDM-based system of Fig. lA embodying 
a fifth generalized method of reducing the RMS power of observable speckle-noise patterns, 
wherein the planar laser illumination beam (PLIB) transmitted towards the target object to be' 
illuminated is spatial intensity modulated by a spatial intensity modulation function (SIMF), so 
that the object (e.g. package) is illuminated with spatially coherent-reduced laser beam and, ^ a 
result, numerous substantially different time-varying speckle-noise patterns are produced and 
detected over the photo-integration time period of the image detection array, thereby allowing 
the numerous speckle-noise patterns to be temporally averaged over the photo-integration time 
period and spatially averaged over the image detection element and the RMS power of the 
observable speckle-noise pattern reduced; 

Fig. 1I20A is a schematic representation of the PLlIM-based system of Fig. 1120, 
illustrating the fifth generalized speckle-noise pattern reduction method of the presem 
invention applied at the IFD Subsystem employed therein, wherein numerous substantially 
different speckle-noise patterns are produced at the image detection array during the photo- 
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integration time period thereof using spatial intensity modulation techniques to modulate the 
spatial intensity along the wavefront of the PUB, and temporaUy and spatially averaged at the 
image detection array during the photo-integration time period ttwreof, thereby reducing the 

RMS power of speckle-noise patterns observed at the image detection array; 

Fig. 1I20B is a high-level flow chart setting forth the primary steps involved in practicing 
the fifth generalized metfiod of reducing tiie RMS power of observable speckle-noise patterns in 
PLDM-based systems, illustrated in Figs. 1120 and lEOA; 

Fig. 1121A is a perspective view of an optical assembly comprising a planar laser 
Ulumination array (FLIA) witfi a refractive-type cylindrical lens array, and an electronically- 
controUed mechanism for micro-oscillating before tiie cylindrical lens array, a pair of spatial 
intensity modulation panels witti elements parallelly arranged at a high spatial frequency, 
having grey-scale tiransmittance measures, and driven by two pairs of ultrasonic transducers 
arranged in a push-pull configuration so tiiat tiie ti-ansmitted planar laser illumination beam 
(PLIB) is spatially intensity modulated along its wavefront thereby producing numerous (i.e.- 
many) substantially different time-varying speckle-noise patterns at tfie image detection array 
of Ae IFD Subsystem during the photo-integration time period thereof> which^ can be 
temporally and spatially averaged at the image detection array during tiie photo-integration 
time period titereof, tftereby reducing tiie RMS power of tiie speckle-noise patterns observed at 
the image detection array; 

Fig. 1I21B is a perspective view of the pair of spatial intensity modulation panels 
employed in tiie optical assembly shown in Fig. 1I21A; 

Fig. 1121C is a perspective view of tiie spatial intensity modulation panel support frame 
employed in the optical assembly shown in Fig. 1I21A; 

Fig. 1I21D is a schematic representation of tiie dual spatial intensity modulation panel 
structure employed in Fig. 1I21A, shown configured between two pairs of ultrasonic 
transducers (or flexural elements driven by voice-coil type devices) operated in a push-pull 
mode of operation, so tiiat at least one spatial intensity modulation panel is constantiy moving 
when tfie otiier panel is momentarily stationary during modulation panel direction reversal; 

Fig. 1122 is a schematic representation of tiie PLUM-based system of Fig. lA embcidying 
a sixtfi generalized method of reducing tfie RMS power of observable speckle-noise patterns, 
wherein tiie planar laser illumination beam (PUB) reflected/scattered from tiie iUuminated 
object and received at tiie IFD Subsystem is spatial intensity modulated according to a spatial 
intensity modulation function (SIMF), so that tiie object (e.g. package) is illuminated witii a 
spatially coherent-reduced laser beam and, as a result, numerous substantiaUy different time- 
varying (random) speckle-noise patterns are produced and detected over tfie photo-integration 
time period of tfie image detection array, tfiereby allowing tfie speckle-noise patterns to be 
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temporaUy averaged over the photo-integration time period and spatiaUy averaged over the 
image detection element and the observable speckle-noise pattern reduced; 

Fig. 1I22A is a schematic representation of the PUIM-based system of Kg. lEO, 
illustrating the sixth generalized speckle-noise pattern reduction method of the present 
invention applied at the IFD Subsystem employed therein, wherein numerous substantially 
different speckle-noise patterns are produced at the image detection array during the photo 
integration time period thereof by spatial intensity modulating the wavefront of the 
received/scattered PLIB, and the time-varying speckle-noise patterns are temporally and 
spatiaUy averaged at the image detection array during the photo-integration time period 
tiiereot to thereby reduce the RMS power of speckle-noise patterns observed at tiie image 
detection array; 

Fig. 1I22B is a high-level flow chart setting forth the primary steps involved in practicing 
the sixth generalized method of reducing observable speckle-noise patterns in PLIIM-based 
systems, illusti-ated in Figs. 1120 and 1I21A; 

Rg. 1I23A is a schematic representation of a first iUustrative embodiment of the PUIM- 
based system shown in Fig. 1120, wherein an electi-o-optical mechanism is used to generate a 
rotating maltese<ross aperture (or other spatial intensity modulation plate) disposed before the 
pupil of the IFD Subsystem, so that the wavefront of the return PLIB is spatial-intensity 
modulated at the IFD subsystem in accordance with the principles of the present invention; 

Fig. 1I22B is a schematic representation of a second iHustrative embodiment of the 
system shown in Fig. 1120, wherein an electro-mechanical mechanism is used to generate a 
rotating maltese^ross aperture (or other spatial intensity modulation plate) disposed before the 
pupil of the IFD Subsystem, so that the wavefront of the return PLIB is spatial intensity 
modulated at the IFD subsystem in accordance with the principles of the present invention; 

Fig. 1124 is a schematic representation of the PLIIM-based system of Fig. 1 A illustrating 
the seventh generalized method of reducing the RMS power of observable speckle-noise 
patterns, wherein the wavefront of the planar laser illumination beam (PLIB) 
reflected/scattered from the illuminated object and received at the IFD Subsystem is temporal 
intensity modulated according to a temporal-intensity modulation function (TIMF), hereby 
producing numerous substantially different time-varying (random) speckle-noise patterns 
which are detected over the photo-integration time period of the image detection array, thereby 
reducing the RMS power of observable speckle-noise patterns; 

Fig. 1I24A is a schematic representation of the PLIIM-based system of Fig. 1124 
illustrating the seventh generalized speckle-noise pattern reduction method of the present 
invention applied at tiie IFD Subsystem employed ttterein, wherein numerous substantially 
different time-varying speckle-noise patterns are produced at the image detection array during 
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khe photo-integration rime period thereof by modulating the temporal intensity of the 
vavefront of the received/scattered PUB, and the time-varying speckle-noise patterns are 
emporally and spatially averaged at the image detection array during the photo-integration 
ame period thereof, thereby reducing the RMS power of specklenoise patterns observed at tfte 
niage detection array; 

Fig. 1I24B is a high-level flow chart setting forth the primary steps involved in practicing 
seventh generalized method of reducing observable speckle-noise patterns in PUM-based 
^ystems, illusbrated in Figs. 1124 and 1I24A; 

Fig. 1I25C is a schematic representation of an illustrative embodiment of the PUM-based 
bystem shown in Fig. 1124, wherein is used to carry out wherein a high-speed electro-optical 
temporal intensity modulation panel, mounted before the unaging optics of the IFD subsystem, 
|is used to temporal intensity modulate the wavefront of the return PUB at the IFD subsystem in 
accordance with the principles of the present invention; 

Fig. 1I25A1 is a perspective view of a PLUM-based system of the present invention 
embodying an speckle-pattern noise reduction subsystem, comprising (i) an image formation 
-nd detection (IFD) module mounted on an optical bench and having a linear (ID) CCD image 
ensor witii vertically-elongated image detection elements characterized by a large height-to- 
«dth (H/W) aspect ratio, (ii) a pair of planar laser illumination modules (PUMs) mounted on 
he optical bench on opposite sides of the IFD module, and (iii) a 2-D PUB micro-oscillation 
tiechanism arranged with each PLIM, and employing a micro-oscillating cylindrical lens array 
as shown in Figs. 1I4A ttu-ough 1I4D and a micro-oscillating PLIB reflecting mirror configured 
together as an optical assembly for the purpose of micro-osdllating tiie PLIB laterally along its 
Planar extent as well as transversely along the direction orthogonal tt^ereto, so tiiat during 
Uumination operations, tiie PUB wavefront is spatial phase modulated along Qxe planar extent 
thereof as weU as along the direction orthogonal thereto, causing numerous substantiaUy 
different time-varying speckle-noise patterns to be produced at the verticaUy-elongated image 
detection elements of the WD Subsystem during ihe photo-integration time period fliereof, 
vhich are temporaUy and spatially averaged during ttie photo-integration time period of the' 
^mage detection array, thereby reducing the RMS power level of speckle-noise patterns 
observed at the image detection array; 

Fig. 1I25A2 is an elevated side view of the PUIM-based system of Fig. 1I25A1, showing 
\e optical patii traveled by tite planar laser illumination beam (PUB) produced from one of tiie 
^LIMs during object illumination operations, as the PLIB is micro-oscillated in ortitogonal 
dimensions by the 2-D PLIB miao-oscillation mechanism, in relation to ttie field of view (FOV) 
of each image detection element employed in tt« IFD subsystem of tiie PUIM-based system; 
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Fig. 1I25B1 is a perspective view of a PIUM-based system of the present invention 
embodying an speckle-pattern noise reduction subsystem, comprising (i) an image formation 
land detection (IFD) module mounted on an optical bench and having a linear (ID) CCD ima« 
sensor with vertically-elongated image detection elements characterized by a large height-to- 
mdth (H/ W) aspect ratio, (ii) a pair of planar laser illumination modules (PUMs) mounted on 
optical bench on opposite sides of the IFD module, and (iii) a 2-D PLIB micro-osciUation 
mechanism arranged with each PLIM, and employing a stationary PLIB folding mirror a 
.xcro-oscillating PLIB reflecting element, and a stationary cylindrical lens array as shown'in 
Figs. IBA through 1I5D configured together as an optical assembly as shown for the purpose of 
nlcro-osciUating the PUB laterally along its planar extent as weU as transversely along the 
Urectton orthogonal thereto, so that during illumination operations, the PLIB transmitted from 
each PLIM is spatial phase modulated along the planar extent thereof as well as along the 
iirectaon orthogonal thereto, causing numerous substantially different time-varying speckle- 
.oise patterns to be produced at the verticaUy-elongated image detection elements of the IFD 
Subsystem during the photo-integration time period thereof, which are temporally and spatially 
averaged during the photo-integration time period of the image detection array, thereby 
-ducmg the RMS power level of speckle-noise patterns observed at the image detection array 

Fig. 1I125B2 is an elevated side view of the PLIIM-based system of Fig. 1I25B1, showing 
fhe optical path traveled by the PLIB produced from one of the PLIMs during object 
Summation opera^ons, as the PLIB is micro-osdllated in orthogonal dimensions by the 2-D 
PUB micro-osdUation mechanism, in relation to the field of view (FOV) of each image detection 
dement m the IFD subsystem of the PUIM-based system; 

Fig. 1I125C1 is a perspective view of a PLIIM-based system of the present 
ivention embodying an speckle-pattern noise reduction subsystem, comprising (i) an image 
formation and detection (IFD) module mounted on an optical bench and having a linear (ID) 
CCD image sensor with verticaUy-elongated image detection elements characterized by a laree 
^eight-to-width (H/W) aspect ratio, (ii) a pair of planar laser illumination modules (PUlI) 
mounted on the optical bench on opposite sides of the IFD module, and (iii) a 2-D PUB micrc^ 
.sallahon mechanism arranged with each PUM, and employing a micro-osdllating cylindrical 
fens array as shown in Figs. 1I6A tiu-ough 1I6B and a miaoosdUating PUB reflecting element 
fconfigured together as shown as an optical assembly for the purpose of micro-osdUating the 
PLIB laterally along its planar extent as weU as ti-ansversely along the direction orthogonal 
hereto, so titat during iUumination operations, the PLIB transmitted from eadi PUM is spatial 
phase modulated along the planar extent tiiereof as weU as along the direction orthogonal (i e 
kansverse) thereto, causing numerous substantially different time-varying speckle-noise 
battems to be produced at the verticaUy-elongated image detection elements of the IFD 
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Subsystem during the photo-integration time period thereof, which are temporaUy and spatiaDy 
averaged during the photo-integration time period of the image detection array, thereby 
redudng the RMS power levd of speddenoisepattemsobservedatfteimagedeta^ 

Fig. 1I25C2 is an elevated side view of the PUIM-based system of Fig. 1I25C1, sho vlg 
the optical path traveled by the PLIB produced from one of the PLIMs during objert 
dlumination operations, as the PLIB is microK>sciUated in orthogonal dimensions by the 2-D 
PLIB micro-osdllation mechanism, in relation to the field of view (FOV) of each image detection 
element in the IFD subsystem of the PLDM-based system; 

Fig. 1I25D1 is a perspective view of a PUIM-based system of the present invention 
entbodying an speckle-pattern noise reduction subsystem, comprising (i) an image formation 
and detection (IFD) module mounted on an optical bench and having a linear (ID) CCD image 
sensor with vertically-elongated image detection elements characterized by a large height-tc 
width (H/W) aspect ratio, (ii) a pair of planar laser iUumination modules (PUMs) mounted on 
the optical bench, on opposite sides of the IFD module, and (iii) a 2-D PLIB micro-oscillation 
mechanism arranged with each PUM, and employing a micro-oscillating high-resolution 
defpimable mirror structure as shown in Figs. 1I7A through 1I7C, a stationary PUB reflecting 
element and a stationary cylindrical lens array configured together as an optical assembly as 
shown for the purpose of micro-oscillating the PLIB laterally along its planar extent as weU as 
transversely along the direction orthogonal thereto, so that during illumination operation the 
PLIB transmitted from each PUM is spatial phase modulated along the planar extent thereof as 
well as along the direction orthogonal (i.e. transverse) thereto, causing numerous substantially 
different time-varying speckle-noise patterns to be produced at the verticaUy-elongated image 
detection elements of the IFD Subsystem during the photo-integration time period thereof 
^hich are temporally and spatially averaged during the photo-integration time period of the' 
.mage detection array, thereby reducing the RMS power level of speckle-noise patterns 
observed at ttie image detection array; 

Fig. 1I25D2 is an elevated side view of the PUIM-based system of Fig. 1I25D1, showing 
the optical path traveled by the PUB produced from one of the PLIMs during obiert 
Summation operations, as the PLIB is micro-oscillated in orthogonal dimensions by the 2-D 
PLIB micro-osciUation mechanism, in relation to the field of view (FOV) of each image detection 
element in the IFD subsystem of the PLDM-based system; 

Fig. 1I25E1 is a perspective view of a PUIM-based system of the present invention 
embodying an speckle-pattern noise reduction subsystem, comprising (i) an image formation 
and detection (IFD) module mounted on an optical bench and having a linear (ID) CCD image 

T™"'""'"'"''*"* "^'^ ^^^•""^^^ ^^^'^ ^ height-^ 

-idth (H/W) aspect ratio, (ii) a pair of planar laser IDumination modules (PUMs) mounted on 
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fte ophcal b«Kh <m opposite sides of fte IFD module, and (iii) a 2-D PUB micro^Mon 
medusa. a„a„ged wift each PUH and employing a nUc„««iIlaHng cylindHcI ^ 

nd *e field of v,e„ ffOV, of d,e linear CCD in«ge se,.or transversely along «,e direZ 
orthogonal to the planar extent of thp PJm . ^ oirecnon 

o yaiiai extent ot tne FLIB, and a stationary PLIB/FOV foWir.^ ^- 

c^gu^ ^jHer as an op«ea. assemBly as sHo™ for .e pjpose of^ " 
PUB la^aUy along ..s planar exfen. while micro.scil.aHng bo* .he PUB and POV o d,e 
Imea CCD m«ge sensor tansversely along the direction orthogonal thereto, so that during 
m_ .^don, the PUB transmitted from each PUM is spaHa, phase modulatL aZ 
e planar extent thereof as well as al^g the direction orthogonal (i.e. transverse, therZ 
^usmg nmnerous substanHally differs, tj^e-varying speclde-noise patterns to be pr duced at' 
the verhcaUy-elongated image detection elements of the IPD Subsystem during the phTtl 
uitegrahon time peHod thereof, which are temporally and spaHaUy averaged during ^ It 
«^.on time peH«. Of the image detection array, thereby reducing tl! RMS Z^^l 
sp«clde.noisepatten>sol«ervedattheimagedetectionarn,y. Powerlevelof 
Hg.lI25E2 is "elevated side view of the PUlM-based system of Fie II25E1 ,h„»H„ 
optica, paa, traveled by the PLB produced .om one If the PlL "™^ 
jUumu^fon operatic^, as the PUB is micro^„,.ed in orthogonal dimensions byllt^ 
PUBm^ro^aU^tmecto^m. in relation to the field of view (FOV) of each image detection 
elementmthelFDsubsystemofthePUIM-basedsystem; «»>ge detection 

Fig. 1I25F1 is a perspective view of a PLIIM-based system of the present invention 
en^odymg an specldepattem noise reduction subsystem, comprising ,i, an image 31 
and detection module mounted on an optica, bench and having a hnear (ID, C^T^^ 
sen^r W.U, vemcaHy-elongated image detection elements characterized by . la^e ZZZ 

T ' °' "'^"^ (^) -nois 1 

^ bench on opposite sides of the IFD module, and « a 2-D PUB micro^ation 
.^chamsm arranged with each PUM. and employing a micro^«„g ^arfri^ ^ J" 
smK-ure as ^own in Figs. IBA through :I4D for micrc^scinating the Z Uter^ToZ 
plana, extend, a micr^osdllating PUB/FOV reflection element for micro^ting ^ 
and the held of view ffOVJof the linear CCD image sensor transversely along the 
orttogona, to the planar extent of the PLB. and a stationary PLlB/FOV HT^Z 

PUB l^erally along ,ts pla^r extent while micro-oscillating both the PUB and TOV o! the 
near CCD m.ge sensor transversely along the direction ortiiogonal thereto, so durin. 
Olummation ope««o„, ti« PUB transmitted from e«h PUM is spatial phase modula JZ^ 



-88- 



Attorney Case H 



j27USAOOO 




the planar extent thereof as weU as along the direction orthogonal thereto, causing numerous 
substanbally different time-varying speckle-noise patterns to be produced at the vertically- 
elongated image detection elements of the IFD Subsystem during the photcintegration time 
penod thereof, which are temporally and spatially averaged during the photo-integration time 
penod of the image detection array, thereby reducing the RMS power level of speckle-noise 
patterns observed at the image detection array; 

Fig. 1I25F2 is an elevated side view of the PLIIM-based system of Fig. 1I25F1, showing 
the optical path traveled by the PUB produced from one of the PLIMs during object 
Summation operations, as the PUB is micro-oscillated in orthogonal dimensions by the 2-D 
PUB micro-osdDation mechanism, in relation to the field of view (FOV) of each image detection 
element in the IFD subsystem of the PUIM-based system; 

Fig. 1I25G1 is a perspective view of a PUIM-based system of the present invention 
embodymg an speckle-pattern noise reduction subsystem, comprising (i) an image formation 
and detection (IFD) module mounted on an optical bench and having a linear (ID) CCD image 
sensor with vertically-elongated image detection elements characterized by a large height-to^ 
width (H/W) aspect «tio, (ii) a pair of planar laser iUumination modules (PUMs) mounted on 
the optical bench on opposite sides of the IFD module, and (iii) a 2-D PUB micrc^oscillation 
mechanism arranged with each PUM, and employing a phase-only LCD phase modulation 
panel as shown in Figs. 1I8F and IIG, a stationary cylindrical lens array, and a microK«cillating 
PUB reflection element, configured together as an optical assembly as shown for the purpose of 
micro-osciUaHng the PUB laterally along its planar extent while micro-osciUating the PUB 
transversely along the direction orthogonal thereto, so that during illumination operations the 
PLIB transmitted from each PLIM is spatial phase modulated along the planar extent thereof as 
weU as along the direction orthogonal (i.e. transverse) thereto, causing numerous substantiaUy 
different time-varying speckle-noise patterns are produced at the verticaUy-elongated image 
detection elements of the IFD Subsystem during the photo-integration time period thereof 
which are temporaUy and spatially averaged during the photo-integration time period of the' 
.mage detection array, thereby reducing the RMS power level of speckle-noise patterns 
observed at the image detection array; 

Fig. 1I25G2 is an elevated side view of the PLIIM-based system of Fig. 1I25G1, showing 
the optical path traveled by the PLIB produced from one of the PUMs during object 
dlummation operations, as the PLIB is micro-osdllated in orthogonal dimensions by the 2-0 
PLIB micro-oscillation mechanism, in relation to the field of view (FOV) of each image detection 
element m the IFD subsystem of the PUIM-based system; 

Fig. 1I25H1 is a perspective view of a PUIM-based system of the present invention 
embodying an speckle-pattern noise reduction subsystem, comprising (i) an image formation 
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nd detection (IFD) module mounted on an optical bench and having a linear (ID) CCD image 
sensor with vertically-elongated image detection elements characterized by a large height-to- 
"idth (H/W) aspect ratio, (ii) a pair of planar laser iUumination modules (PUMs) mounted on 
te optical bench on opposite sides of the IFD module, and (iii) a 2-D PUB micro-oscillation 
techanism arranged with each PLIM, and employing a micro-oscillating multi-faceted 
lindrical lens array struchire as shown in Figs. 1I12A and 1I12B, a stationary cylindrical lens 
rray, and a micro-oscillating PLIB reflection element configured together as an optical 
ssembly as shown, for the purpose of micro-osciUating the PLIB laterally along its planar 
extent while micro-osdllating the PUB transversely along the direction orthogonal thereto so 
hat during iUumination operations, the PUB transmitted from each PUM is spatial phase 
lodulated along the planar extent thereof as well as along the direction orthogonal thereto, 
:ausing numerous substantially different time-varying specklenoise patterns are produced ai 
:he vertically-elongated image detection elements of the IFD Subsystem during the photo- 
Jntegration time period thereof, which are temporally and spatiaUy averaged during the photo- 
- tegration time period of the image detection array, thereby reducing the RMS power level of 
Me-noise patterns observed at Ihe image detection array; 

Fig. 1I25H2 is an elevated side view of the FLUM-based system of Fig. 1I25H1, showing 
the optical path traveled by the PLIB produced from one of the PLIMs during object 
Rumination operations, as the PUB is micro-oscillated in orthogonal dimensions by the 2-D 
LIB micro-osdllation mechanism, in relation to the field of view (FOV) of each image detection 
ilement in the IFD subsystem of the PLIIM-based system; 

Fig. 1I25I1 is a perspective view of a PLIIM-based system of the present invention 
embodying an speckle-pattern noise reduction subsystem, comprising (i) an image formation 
nd detection (IFD) module mounted on an optical bench and having a linear (ID) CCD image 
censor with vertically-elongated image detection elements characterized by a large height-to- 
"idth (H/W) aspect ratio, (ii) a pair of planar laser iUumination modules (PUMs) mounted on 
le optical bench on opposite sides of the IFD module, and (iii) a 2-D PUB micro-oscUlation 
techanism arranged with each PUM, and employing a micro-oscillating multi-faceted 
'Imdrical lens array structure as generaUy shown in Figs. 1I12A and 1I12B (adapted for micro- 
escalation about the optical axis of the VLD's laser iUumination beam and along the planar 
extent of the PLIB) and a stationary cylindrical lens array, configured together as an optical 
issembly as shown, for the purpose of micro-osciUating the PUB laterally along its planar 
xtent while micro-osciUating the PUB transversely along the direction orthogonal thereto, so 
•^at during iUumination operations, the PUB transmitted from each PUM is spatial phase 
Lodulated along the planar extent thereof as weU as along the direction orthogonal thereto 
.using numerous substantiaUy different time-varying spedde-noise patterns to be produced at' 
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fce ver«call5,-..„nga,ed i^age detection element of fte m> Sub^ten, during the pho.. 
taon tae period *e„„,. which are tanporaliy and spaSaUy averaged during d» pho^ 
btegrahon hm. p«iod oJ fte toage detecBon amy, ^ reducing fte 8MS power iL o* 
ipecUe-noise patterns observed at the image detection array; 

l,T,.M ''"•'^"'''™°'"«<"*»"JM»inthePUIM-basedsystemofKg. 
to 1 showutg „ greater detaU that its m„lti-fa«,ed cylindrical lens array structure micr! 
bsallates about the optica, axis of the laser beam produced by the VLD, as the multi-faceted 
yhndncal lens array structure micn^osciUates about its longitudinal axis during laser beam 
plluimnabon operations; ^ ueam 

Fig. 1I25I3 is a view of the PUM employed in Hg. 1I25I2, taken along line 112512-112513 

lereof; 

.mbod""' ™" ' o, the present invenHon 

mb^ymg an^e-pattem noise reduction subsystem, comprising (i, an image formaHon 
,nd detection OFD, module mounted on an optical bench and having a linear ,1D) CCD imag 

vid* 0, W) ^ ratK,. (il) a of planar laser illuminati™, m«.ules (PLlMs) mounL on 
.e optrcal bench on opposite sides of the IFD module, and (iu) a hybrid-type PUB modulation 
.echamsm arranged with each PUM, and employing a temporal intercity modulation panel as 
*own m Frg. ,n4A and HUB, a stationary cylindrical lens array, and a micro.sdUa4 PUB 
.flection element configured together as an optical assembly as shown, for the pur^se of 
emporal mtensity modulating the aiB uniformly along its planar extent wl micro- 
-scUlatrr^ .he PLIB transversely along the direction orthogonal thereto, so that duZ 
ummat^n „p«,.i„ns, the PUB transmitted from each PUIM is temporal intensity modulated 
l^ng the planar extent thereof and temporal phase modulated during micro-oscillation along 
me drrectron orthogonal thereto, thereby producing numerous substandaUy different tim ' 
^ajymg spedde-noise patterns at the ver.icaUy-elonga.ed image detection elemen.s of the IFD 
u^stem during ti« photo-integration time period thereof, which are temporally a«. spatially 
mraged d.™g ^ phofc^totegration time period of the image detection Ly.IereJ 
«ducmg*e««.p„wer,evel„fspec«e-noisepatten.observedattheimag^ 

F.g. 1I2SP is an elevated side view of the PUlM-b^ system of Fig. 1125(1. showing 
me^trcal pati. traveled by tt,e PLB produced from one of Uie PuL dig obje«* 

Fig. ,I25K1 is a perspective view of a PLIIM-based system of tite presen. invention 
embodymg an speclde-pattem noise reduction subsystem, comprising („ an image formation 
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and detection (IFD) module mounted on an optical bench and having a linear (ID) CCD image 
sensor with vertically-elongated image detection elements characterized by a large height-to- 
width (H/W) aspect ratio, (u) a pair of planar laser iUumination modules (PUMs) mounted on 
the optical bench on opposite sides of the IFD module, and (iii) a hybrid-type PLIB modulation 
mechanism arranged with each PUM, and employing an optically-reflective external cavity (i e 
etalon) as shown in Figs. 1I17A and 1I17B, a stationary cylindrical lens array, and a micrc^ 
osaUating PUB reflection element configured together as an optical assembly as shown for the 
purpose of temporal phase modulating ttxe PLIB uniformly along its planar extent while micrc^ 
oscillating the PLIB ti-ansversely along the direction ortitogonal thereto, so that during 
Illumination operations, the PUB transmitted from each PUM is temporal phase modulated 
along the planar extent tixereof and spatial phase modulated during micro-osdllation along the 
direction orthogonal thereto, tfiereby producing numerous substantially different time-varying 
speckle-noise patterns at the vertically-elongated image detection elements of the IFD 
Subsystem during the photo-integration time period thereof, which are temporally and spatially 
averaged during ti.e photo-integration time period of ti^e image detection array, thereby 
reducmg the RMS power level of speckle-noise patterns observed at the imageHefection array; 

Fig. 1I25K2 is an elevated side view of the PLUM-based system of Fig. 1I25K1, showing 
the optical path traveled by the PLIB produced from one of the PLIMs during object 
dlummation operations, as the PLIB is modulated by the PLIB modulation mechanism in 
relation to the field of view (FOV) of each image detection element in the IFD su%stem of'fte 
'PUIM-based system; 

Fig. 1I25L1 is a perspective view of a PLHM-based system of the present invention 
embodymg an speckle-pattern noise reduction subsystem, comprising (i) an image formation 
and detection (IFD) module mounted on an optical bench and having a linear (ID) CCD image 
sensor witit vertically-elongated image detection elements characterized by a large height-to- 
mdti. (H/W) aspect ratio, (ii) a pair of planar laser iUumination modules (PUMs) mounted on 
the optical bench on opposite sides of tiie IFD module, and (iii) a hybrid-type PUB modulation 
mechanism arranged with each PLIM, and employing a visible mode-locked laser diode 
(MLLD) as shown in Figs. 1I15A and 1I15B, a stationary cylindrical lens array, and a micrc^ 
oscillating PLIB reflection element configured together as an optical assembly as shown, for the 
purpose of producing a temporal intensity modulated PUB while micro-osdllating flie PUB 
h-ansversely along the direction orti^ogonal to its planar extent, so that during iUummation 
operations, the PLIB transmitted from each PLIM is temporal intensity modulated along the 
planar extent thereof and spatial phase modulated during micro-oscillation along ti.e direction 
ortiiogonal titereto, tiiereby producing numerous substantiaUy different time-varying speckle- 
noise pattert^ at the vertically-elongated image detection elements of the IFD Subsystem during 
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a« photo-i„tegr.ti<m lime period thereof, which are temporally and spatially averaged during 
the photo-integration time period of the image detection array, thereby reducing the RMS 
power level of q»d!le-noi« patterns obMrved at the linage detection array; 

Fig. 1125L2 is an elevated side view of the PLDM-based system ot Fig. II25L1, showin. 
the opttcal path traveled by the PUB produced from one of the PUMs during obi J 
Ulumination operations, as the PUB is modulated by the PLIB moduUHon mechanism in 
reMon to *e field of view (FOV) of each image detection element in the IFD subsystem of 'the 
FLIIM-based system; 

^^^^ ^ ' perspective view of a PLIIM-based system of the present invention 
embodymg an speckle-pattern noise reduction subsystem, comprising (i) an image formation 
and detection (IFD) module mounted on an optical bench and having a linear (ID) CCD imaee 
sensor with vertically-elongated image detection elements characterized by a large height-to- 
width (H/W) aspect ratio, (ii) a pair of planar laser illumination modules (PUMs) mounted on 
the optical bench on opposite sides of the IFD module, and (iii) a hybrid-type PUB modulation 
mechamsm arranged with each PLIM, and employing a visible laser diode (VLD) driven into a 
high-speed frequency hopping mode (as shown in Figs. 1I19A and 1I19B), a stationary 
cyhndncal lens array, and a micro-osciUating PUB reflection element configured together as an 
ophcal assembly as shown, for the purpose of producing a temporal frequency modulated PLIB 
^hxle microo^illating the PLIB transversely along the direction orthogonal to its plar^ar extent 
so that during iUumination operations, the PLIB transmitted from «ach PUM is temporal' 
frequency modulated along the planar extent thereof and spatial-phase modulated durine 
mxcro-osciUation along the direction orthogonal thereto, thereby producing numerous 
substantially different time-varying speckle-noise patterns at the vertically-elongated imaee 
detection elements of the IFD Subsystem during the photo-integration time period thereof 
which are temporally and spatiaUy averaged during the photo-integration time period of ti^e' 
.mage detection array, thereby reducing the RMS power level of spedde-noise patterns 
observed at the image detection array; 

Fig. 1I25M2 is an elevated side view of the PUlM-based system of Kg. 1I25M1, showing 
he optical path traveled by the PLIB produced from one of the PLIMs during object 
illumination operations, as tite PUB is modulated by the PUB modulation mechanism in 
relation to the field of view (FOV) of each image detection element in the IFD subsystem of 'the 
iPLUM-based system; 

Fig. 1I25N1 is a perspective view of a PUIM-based system of the present invention 
embodying an speckle-pattern noise reduction subsystem, comprising (i) an image formation 
and detection (IFD) module mounted on an optical bench and having a linear (ID) CCD image 
sensor with verticaBy^longated image detection elements characterized by a large height-to- 
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mdtt, (H/W) asp«. ra«o, (U) a pair of pla^r la«r UlumtaaBc ™<,^, (pu^s) mooted on 
«» ophcal l»„ch on opposite sid« of a» IFD module, and (iii) a hybrid-^ PUB modulation 
-.ed™»m a„ang«i wi* each PUH a«l employing a mic«M»dllaHng sp,«,l intensity 
modulason array as shown in Figs. iniA ,h«,ugh 1I2ID, a sMonaiy cylindrical lens array 
and a m,cr<»>sdlla«ng PUB refIec«on elemen. configur«l .ogete as an optical assembly a'' 
*o™. for the purpose of producing a spatial intensity modulated PUB while micr<>osdllating 
the PUB transversely along the direcHon ora,ogonal to its planar extent, so tha, during 
.l um^fon operaHons. it. PLIB transmitted from each PUM is spatial intensity m«i„lated 
along a« pUnar extent the^f and spadal phase modulated during micro^ation along 
4re*on orthogonal thereto, «,ereby pr«ludng numerous substantially different time-vaL, 
speckle-noise patterns at the vertically-elongated image detecHon elements of the^ 
Subsystem during the photo-integraHon time period .he,.of, which are temporally and spatially 
averaged durmg fl,e photo-integration dme period of the image detection array, Leby 
reducmg the RMS power level of sp^e-noise patterns observed at the image detection array 

F.g 1C5N2 is an elevated side view of the PUlM-based system of Fig. 1I25N2, showing 
.he ophcal path .raveled by the PLIB produced from one of the PLlMs during object 
Uummatron operations, as a,e PLIB is m«i„lated by the PUB modulation mechanism in 
.Ij^on to tt« Seld of view (FOV) of each image detection element in the IFD subsystem of the 
^UIM-based system; 

Hg. IK? is a sd»matic representation iHustrattag how the Seld of view of a PUIM-based 
.ystem «n be fixed to substantially match the scan field width thereof (measured at the top of 
he scan held) at a substantial distance above a conveyor belt; 

Hg. 1K2 is a schematic representation illustrating how d,e field of view of a PUIM-based 
ystem can be Hxed to substantially match the scan Held width of a low profile scamung field 
looted sUghUy above the conveyor belt surface, by fixing .he focal lengft of fte togging 
subsystem during the optical design Stage; 

Fig. ILl is a schematic representation Ulustrating how an arrangement of field of view 
•OV) beam folding mirrors can be used to produce an expanded FOV that matches Ae 
jeometncal characteristics of the scanning application at hand when the FOV emerges from the 
system housing; ** 

Fig. 1L2 is a schematic representation iUustrating how the fixed field of view (FOV) of 
an m^aging subsystem can be expanded across a working space (e.g. conveyor belt structure) by 
rotahng the FOV during object iUumination and imaging operations; 

Fig. IMl shows a data plot of pixel power density E,', versus, object distance (r) 
calculated using the arbitrary but reasonable values = 1 W/m^ f = 80 mm and F - 4 5 
demonstrating that, in a counter-intuitive mam^er, the power density at the pfacel (and therefor.' 
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the power incident on the pixel, as its area remains constant) actuaUy increases as the object 

distance increases; 

Fig. 1M2 is a data plot of laser beam power density versus position along the planar 
laser beam width showing that the total output power in the planar laser illumination beam of 
the present invention is distributed along the width of the beam in a roughly Gaussian 
distribution; 

Fig. 1M3 shows a plot of beam width length L versus object distance r calculated using a 
beam fan/spread angle 9 = 50^ demonstrating that the planar laser iUumination beam width 
increases as a function of increasing object distance; 

Fig. 1M4 is a typical data plot of planar laser beam height h versus image distance r for a 
planar laser illumination beam of the present invention focused at the farthest working distance 
in accordance with the principles of the present invention, demonstrating that the height 
dimension of the planar laser beam decreases as a hmction of increasing object distance; 

Fig. IN is a data plot of planar laser beam power density E „ at the center of its beam 
width, plotted as a function of object distance, demonstrating that use of the laser beam 
focu^g technique of the present invention, wherein the height of the planar laser iUumination 
beam is decreased as the object distance increases, compensates for the increase in beam width 
in the planar laser iUumination beam, which occurs for an increase in object distance, thereby 
yielding a laser beam power density on the target object which increases as a function of 
increasing object distance over a substantial portion of the object distance range of the PUIM- 
?ased system; 

Fig. 10 is a data plot of pixel power density ^ vs. object distance, obtained when using a 
planar laser illumination beam whose beam height decreases with increasing object distance, 
and also a data plot of the "reference" pixel power density plot E^^ vs. object distance obtained 
when using a planar laser iUumination beam whose beam height is substantiaUy constant (e.g. 1 
mm) over the entire portion of the object distance range of the FLUM-based system; 

Fig. IPl is a schematic representation of the composite power density characteristics 
associated with the planar laser iUumination array in the PLIIM-based system of Fig. IGl, taken 
at the "near field region" of the system, and resulting from the additive power density 
contiibutions of the individual visible laser diodes in the planar laser Ulumination array; 

Fig. 1P2 is a schematic representation of the composite power density characteristics 
associated with the planar laser Ulumination array in the FLUM-based system of Fig. IGl, taken 
at the "far field region " of the system, and resulting from the additive power density 
contiibutions of the individual visible laser diodes in the planar laser iUumination array; 

Fig. IQl is a schematic representation of second Ulustirative embodiment of the PUIM- 
based system of the present invention shown in Fig. lA, shown comprising a Knear image 
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formation and detection module, and a pair of planar laser iUumination arrays arranged in 
relation to the image formation and detection module such that the field of view thereof is 
onented in a dix«:tion that is coplanar with the plane of the stationary pla„„ 
beams (PUBs) produced by the planar laser illumination arrays (PUAs) without using any laser 
beam or field of view folding mirrors; 

Fig. 1Q2 is a block schematic diagram of the PLUM-based system shown in Fig IQi 
comprising a linear image formation and detection module, a pair of planar laser illumination 
arrays, an image frame grabber, an image data buffer, an image processing computer, and a 
camera control computer; 

Fig. IRl is a schematic representation of tiiird illustrative embodiment of the PLUM- 
based system of the present invention shown in Fig. lA, shown comprising a linear image 
formation and detection module having a field of view, a pair of planar laser illumination 
arrays for producing first and second stationary planar laser Ulumination beams, and a pair of 
stationary planar laser beam folding mirrors arranged so as to fold the optical paths of the first 
and second planar laser illumination beams such that the planes of the first and second 
stationary planar laser iUumination beams are in a direction that is coplanar with the field of- 
view of the unage formation and detection (IFD) module or subsystem; 

Fig. 1R2 is a block schematic diagram of the PLUM-based system shown in Fig IPl 
compnsmg a linear image formation and detection module, a stationary field of view folding 
minror, a pair of planar Ulumination arrays, a pair of stationary planar laser illumination beam 
foldmg muTors, an image fi:ame grabber, an image data buffer, an image processing computer 
and a camera control computer; ' 

Fig. ISl is a schematic representation of fourth illustrative embodiment of the PLUM- 
based system of the present invention shown in Fig. lA, shown comprising a linear image 
formation and detection module having a field of view (FOV), a stationary field of view (FOV) 
folding mirror for folding the field of view of tite image formation and detection module, a pair 
of planar laser illumination arrays for producing first and second stationary planar laser 
dlummahon beams, and a pair of stationary planar laser iUumination beam folding mirrors for 
foldmg the optical paths of the first and second stationary planar laser Ulumination beams 80 
that planes of first and second stationary planar laser iUumination beams are in a direction that 
IS coplanar with the field of view of the image formation and detection module- 
Fig. 1S2 is a block schematic diagram of the PLUM-based system Jhown in Fig ISl 
compnsing a linear-type image formation and detection (ffD) module, a stationary field of view 
oldn.g mirror, a pair of planar laser iUumination arrays, a pair of stationary planar laser beam 
foldmg mirrors, an image fi:ame grabber, an image data buffer, an image processing computer 
and a camera control computer; 
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Fig. IT is a schemaHc representation of an under-the-conveyor-belt package 
identificationsystemembodyingthePLIIM-basedsubsystemof Fig. lA; 

Fig. lU is a schematic representation of a hand-supportable bar code symbol reading 
system embodying the PLUM-based system of Fig. 1 A; 

Fig. IVl is a schematic representation of second generalized embodiment of the PUIM- 
based system of the present invention, wherein a pair of planar laser illumination arrays 
(PLIAs) are mounted on opposite sides of a linear type image formation and detection (IFD) 
module having a field of view, such that the planar laser iUumination arrays produce a plane of 
laser beam iUumination (i.e. Ught) which is dispo^d substantially coplanar with the field of 
view of the image formation and detection module, and that the planar laser illumination beam 
and me field of view of the image formation and detection module move synchronously 
together whUe maintaining their coplanar relationship with each other as the planar laser 
ummation beam and FOV are automatically scanned over a 3-D region of space during object 
illimunalion and image detection operations; 

Hg. 1V2 U a schemaac representation of first illustrative embodiment of the PUIM- 
■ased system of tt» present invention *own in Fig. IVl, shown comprising an ima« 
ormaHon and detection module having a field of view (FOV), a field of view (FOV) 
^oldmg/sweeping mirror for folding the field of view of the unage formadon and detection 
module, a pair of planar laser illumination arrays for producing fte. and second planar laser 
OlummaHon beams, and a pair of planar laser beam folding/sweeping mirror, „ 
synchronously movable with «« FOV folding/sweeping mim,r, and arranged so as to fold and 

77. f!.""*"' °' P'"-" ""-^«- «> that the 

folded field of view of the image fonnadon and detecdon module is synch^nously moved wiU, 
*e planar laser iUumination beams to a direcdon that is coplanar therewith as the planar laser 
Ulumuuiaon beams are scanned over a -.D region of space under the «m.roI of the camera 
control computer; 

Fig. 1V3 is a block schematic diagram of the PLHM-based system shown in Fig IVl 
comprising a pair of planar laser iUumination arrays, a pair of planar laser beam 
o dntg/sweeping mirrors, a Unear-type image formation and detection module, a field of view 
foldmg/sweeping mirror, an image frame grabber, an image data buffer, an image processing 
computer, and a camera conb-ol computer; 

Fig. 1V4 is a schematic representation of an over-the-conveyor-belt package 
Identification system embodying the PLHM-based system of Fig. IVl; 

Fig^ 1V5 is a schematic representation of a presentation-type bar code symbol reading 
system embodying the PLEM-based subsystem of Fig. IVl; 
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F.g. 2A .s a schematic representation of a tltol generalized embodiment of tlw PIUM- 
teed system of the present Invention, wl«rein a pair of planar laser illumination arrays 
PUAs)a™Wonopposit.sidesofaIi«e,r(U.l<l^ 

detecton (IFD) m«l„le having a fixed focal length imaging lens, a variable focal distance and a 
ftxed field of view (FOV) so that .he phmarlaser illumination arrays produce a plane of laser 
beam Uluminalion which is disposed substantially coplanar with the field view of the imaee 
formation and detection module during object iUumination and image detection operations 
carried out on bar code symbol structiues «d other graphical indicia which may embody 
information within its structure; 

Fig. 2B1 is a schematic representation of a first illustrative embodiment of U,e PUIM- 
based system shown in Fig. 2A, comprising an image formation and detection module having a 
field of view (K)V), and a pair of planar laser illumination arrays for producing first and 
second stationary planar laser illumination beams in an imaging direction that is coplanar with 
the field of view of the image formation and detection module; 

Fig. 2B2 is a schematic representation of U,e PUIM-based system of the present 
mvention shown in Hg. 2B1. wherein the linear image formation and detection module is 
shown comprising a Unear array of photo^ecti-onic detectors realized using CCD technolofflr 
and each planar laser illumination array is shown comprising an array of planar laser 
uliunination modules; 

Fig 2CI is a block schematic diagram of the PUIM-based system shown in Hg 2B1 
comprising a pair of planar fflumination anays, a linear-type image formation and detection' 
module, an image frame grabber, an image data bu«er, an image processmg computer, and a 

camera control computer; 

Fig. 2C2 is a schematic representation of the linear type image formation and detection 
(IFD) module employed in the PLIIM-based system shown in Fig. 2B1, wherein an imaging 
subsystem having a fixed focal length imaging lens, a variable focal distance and a fixed fieW of 
.lew xs arranged on an optical bench, mounted within a compact module housing, and 
responsive to focus control signals generated by the camera control computer of the PLIIM- 
oased system; 

Fig. 2D1 is a schematic representation of the second illustrative embodiment of the 
PLIIM-based system of the present invention shown in Fig. 2A, shown comprising a linear 
.mage formation and detection module, a stationary field of view (FOV) folding mirror for 
foldmg the field of view of the image formation and detection module, and a pair of planar laser 
Summation arrays arranged in relation to tixe image formation and detection module such that 
he folded field of view is oriented in an imaging direction that is coplanar with the stationary 
>lanes of laser illumination produced by the planar laser iflumination anays- 
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Fig. 2D2 is a block schematic diagram of the PLDM-based system shown in Fig 2D1 
comprising a pair of planar laser illumination arrays (PUAs), a linear-type image formation and 
detection module, a stationary field of view of folding mirror, an image frame grabber, an 
image data buffer, an image processing computer, and a camera control computer; 

Fig. 2D3 is a schematic representation of the linear type image formation and detection 
module (IFD) module employed in the PLUM-based system shown in Fig. 2D1, wherein an 
imaging subsystem having a fixed focal length imaging lens, a variable focal distance and a 
fixed field of view is arranged on an optical bench, mounted within a compact module housing 
and responsive to focus control signals generated by the camera control computer of the PLIIM- 
based system; 

Fig. 2E1 is a schematic representation of the third illustrative embodiment of the PUIM- 
based system of the present invention shown in Fig. lA, shown comprising an image formation 
and detection module having a field of view (FOV), a pair of planar laser iUumination arrays for 
producing first and second stationary planar laser illumination beams, a pair of stationary 
planar laser beam folding mirrors for folding the stationary (i.e. non-swept) planes of the planar 
laser fflumination beams produced by the pair of planar laser iUumination arrays,^ an imaging 
direction ti^at is coplanar witi. ihe stationary plane of the field of view of the image formation 
and detection module during system operation; 

Fig. 2E2 is a block schematic diagram of the PLDM-based system shown in Fig. 2B1 
comprising a pair of planar laser illumination arrays, a linear image formation and detection 
module, a pair of stationary planar laser illumination beam folding mirrors, an image frame 
grabber, an image data buffer, an image processing computer, and a camera control computer; 

Fig. 2E3 is a schematic representation of the linear image formation and detection (IFD) 
module employed in the PLIIM-based system shown in Fig. 2B1, wherein an imaging 
subsystem having fixed focal length imaging lens, a variable focal distance and a fixed field of 
view is arranged on an optical bench, mounted within a compact module housing, and 
responsive to focus control signals generated by the camera control computer of the PUIM- 
jased system; 

Fig. 2F1 is a schematic representation of the fourth illustrative embodiment of the 
UIM-based system of the present invention shown in Fig. 2A, shown comprising a linear 
.mage formation and detection module having a field of view (FOV), a stationary field of view 
(FOV) folding mirror, a pair of planar laser illumination arrays for producing first and second 
stationary planar laser Ulumination beams, and a pair of stationary planar laser beam folding 
mu:rors arranged so as to fold the optical paths of the first and second stationary planar laser 
Illumination beams so that these planar laser iUumination beams are oriented in an imaging 
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direction that is coplanar with the folded field of view of the linear image fonnation and 

detection module; 

Fig. 2F2 is a block schematic diagram of the PLDM-based system shown in Fig. 2F1, 
comprising a pair of planar illumination arrays, a linear image formation and detection module 
a stationary field of view (FOV) folding mirror, a pair of stationary planar laser iUmnination 
beam folding mirrors, an image frame grabber, an image data buffer, an image processing 
computer, and a camera control computer; 

Fig. 2F3 is a schematic representation of the linear-type image formation and detection 
(IFD) module employed in the PLDM-based system shown in Fig. 2F1, wherein an imaging 
subsystem having a fixed focal length imaging lens, a variably focal distance and a fixed field of 
view is arranged on an optical bench, mounted within a compact module housing, and 
responsive to focus control signals generated by the camera control computer of the PLDM- 
based system; 

Fig. 2G is a schematic representation of an over-the<onveyor belt package identification 
system embodying the PLDM-based system of Fig. 2A; 

Fig._2H is a schematic representation of a hand-supportable bar code symbol reading 
system embodying tiie PLDM-based system of Fig. 2A; 

Fig. 211 is a schematic representation of tiie fourth generalized embodiment of tiie 
PLDM-based system of tiie present invention, wherein a pair of planar laser illmnination arrays 
(PLL\s) are mounted on opposite sides of a linear image formation and detection (ffD) module 
having a fixed focal length imaging lens, a variable focal distance and fixed field of view (FOV), 
so that the planar illumination arrays produces a plane of laser beam illumination which is 
disposed substantially coplanar with the field view of tite image formation and detection 
module and synchronously moved ttierewith while the planar laser iUumination beams are 
automatically scamied over a 3-D region of space during object iUumination and imaging 
operations; 

Fig. 212 is a schematic representation of the first illustrative embodiment of the PLDM- 
based system of the present invention shown in Fig. 211, shown comprising an image formation 
and detection module (i.e. camera) having a field of view (FOV), a FOV folding/sweeping 
mirror, a pair of planar laser illumination arrays for producing first and second planar laser 
iUumination beams, and a pair of planar laser beam folding/sweeping mirrors, jointiy movable 
with the FOV folding/sweeping mirror, and arranged so tiiat the field of view of the image 
formation and detection module is coplanar witii the folded planes of first and second planar 
laser iUumination beams, and the coplanar FOV and planar laser Ulumination beams are 
synchronously moved together while tiie planar laser Ulumination beams and FOV are scanned 
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ov« a 3-D region of space contoing . sbBona-y or moving to code symbol or ott«r graphical 
structure (e g. text) embodying infonnation; 

"^-^B is a block »d«m,tic diagram of ftePUIM-basedsy^em shown in Figs. 2n«rf 
212 comprising a pair of planar iUumination arrays, a linear image formation and detection 
modufe a fte d of view (FOV, folding/sweeping mirror, a pair of planar laser iUumination 
beam fddmg/sweeping mirrors jointly movable herewith, an image frame grabber, an image 
data buffer, an image processing computer, and a camaa control computer- 
nm, T " 'r^^ «P'--«'>'ion of the linear type image formation and detecHon 
(IFD) module employed in the PUIM-based system shown in Figs. 21: and 212, wherein an 
.ma^g subsystem having a fixed focal length imaging lens, a variable focal distance and a 
fixed Seld of View is arranged on an optical bench, mounted within a compact m«Jule housing, 
and responsive to focus control signals generated by the camera control computer of the PUIM 
based system; 

Fig. 215 is a schematic representation of a hand-supportable bar code symbol reader 
embodying the PUIM-based system of Fig. 211; 

Fig. 216 is a schematic representation of a presentation-type bar code symbol reader 
embodying the PUIM-based system of Fig. 211; 

Fig. 3A is a schematic representation of a fifth generalized embodiment of the PLIIM- 
based system of the present invention, wherein a pair of planar laser illumination arrays 
ff'UAs) are mounted on opposite sides of a linear image formation ^d detection (IFD) module 
havmg a variable focal length imaging lens, a variable focal distance and a variable field of 
view, so that the planar laser illumination arrays produce a stationary plane of la^r beam 
Ulummation (i.e. Ught) which is disposed substantiaUy coplanar with the field view of the image 
formation and detection module during object illumination and image detection operatioL 
earned out on bar code symbols and other graphical indicia by the PUIM-based system of the 
present invention; ' 

Fig. 3B1 is a schematic representation of the first illustrative embodiment of the PUIM- 
based system of the present invention shown in Fig. 3A, shown comprising an image formation 
and detection module, and a pair of planar la^r illumination arrays arranged in relation to the 
unage formation and detection module such that the stationary field of view thereof is oriented 
« an m»aging direction that is coplanar with ti.e stationary plane of laser iUumination produced 
by ti.e planar laser Ulumination arrays, without using any laser beam or field of view folding 
mirrors. ^ 

Fig. 3B2 is a schematic representation of the first illustrative embodiment of the PUIM- 
.ased system shown in Fig. 3B1, wherein ti.e linear image formation and detection module is 
shown comprising a linear array of photo^ectronic detectors realized using CCD technology, 
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and each planar laser illumination array is shown comprising an array of planar laser 

illumination modules; 

Hg. 3a is a block schematic diagram of the PLIIM4ased shown in Hg. 3B1, comprising 
a pair of planar laser illuminaHon arrays, a linear image formation and detection module Z 
m«ge frame grabber, an image data buffer, an image processing computer, and a camera 

control computer; 

Hg. 3C2 is a schematic representation of the linear type image fonnation and detection 
(IFD) module employed in the PLIIM-based system shown in Fig. 3B1. whereto an imagtae 
subsystem having a 3-D variable focal length imagmg lens, a variable focal distance anTa 
v.r«ble field of view is arranged «, an optical bench, mounted within a compact module 
hou«ng, and responsive to zoom and focus control signals generated by the camera control 
computer of the PUIM4>ased system; 

Pig. 3D1 is a schematic representation of a Hrst illustrative implementation of the IFD 

T^'J.lT"'^ " "^'^ module employed m 

the PUIM-based system of Fig. 3B1, sh6wn comprising a slaSonary lens system mounted before 
stafonary linear image detection array, a first movable lens system for large stepped 
movements relative to the stationary lens system during image zoomtog operations, and a 
^cond movable lens system for smaller stepped movements relative to the first movable lens 
System and the stationary lens system during image focusing operations; 

Fig. 3D2 is an per^ve partial view of the second illustrative unplementation of the 
camera subsystem shown in Fig. 3C2, whereto the first movable lens system is shown 
omprismg an el«*ical rotary mot« mounted to a camera body, an arm structure mounted to 
the shaft of the motor, a slidable lens mount (supporttag a flr^t lens group) slidably mounted to 
raU struchue, and a linkage member pivotaUy connected to the sUdable lens mom,t and (he 
ree end of the arm structure so that, as the motor shaft rotates, the slidable lens mount moves 
aong the optical axis of the tagging optics supported withfa the camera body, and wherem the 

[Tl ^^J™^ *" ^ "«""y ■»<»«"«' to the camera body 

W a PLnM-based system via a novel image sensor mounting mechanism which p«va,„ any 
bgmficant misalignment between the field of view (FOV) of the image detection elements on 
the Itoear CCD (or CMOS) image sensor chip and me planar laser illuminadon beam (PUB) 
produced by the PUA used to iUumtoate the FOV thereof withm the IFD module (i e camem 
pubsystem); ^ * 

Fig. 3D3 is an elevated side view of the camera subsystem shown in Fig 3D2- 
Fig. 3D4 is a first perspective view of sensor heat sinking structure and camera PC 
board subassembly shown disattached from the camera body of the IFD module of Fi. 3D2 
howing the repackage of the linear CCD image detectionarrayae. images 
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mounted to the heat sinking structure by a releasable image sensor chip fixture subassembly 
integrated with the heat sinking structure, preventing relative movement between the image 
sensor chip and the back plate of the heat sinking structure during thermal cycling, while the 
electrical connector pins of the image sensor chip are permitted to pass through four sets of 
apertures formed through the heat sinking structure and establish secure electrical connection 
with a matched electrical socket mounted on the camera PC board which, in turn, is mounted to 
the heat sinking struchire in a manner which permits relative expansion and contraction 
between the camera PC board and heat sinking strurture during thermal cycling; 

Fig. 3D5 is a perspective view of the sensor heat sinking structure employed in the 
camera subsystem of Fig. 3D2, shown disattached from the camera body and camera PC board, 
to reveal the releasable image sensor chip fixture subassembly, including its chip fixture plates' 
and spring-biased chip clamping pins, provided on the heat sinking structure of the present 
invention to prevent relative movement between the image sensor chip and the back plate of 
the heat sinking struchire so that no significant misalignment will occur between the field of 
view (FOV) of the image detection elements on the image sensor chip and the planar laser 
illumination beam (PLIB) produced by the PUA within the camera subsystem during thermal 
cycling; 

Fig. 3D6 is a perspective view of the multi-layer camera PC board used in the camera 
subsystem of Fig. 3D2, shown disattached from the heat sinking structure and the camera body, 
and having an electrical socket adapted to receive the electrical connector pins of the image' 
sensor chip which are passed through the four sets of apertures formed in the back plate of the 
leat sinking structure, while the image sensor chip package is rigidly fixed to the camera 
lystem body, via its heat sinking struchire, in accordance with the principles of the present 
invention; 

Fig. 3D7 is an elevated, partially cut-away side view of the camera subsystem of Fig. 
3D2, showing that when the linear image sensor chip is mounted within Ae camera system in 
accordance with the principles of the present invention, the electrical connector pins of the 
mage sensor chip are passed through the four sets of apertures formed in the back plate of the 
heat sinking struchire, whUe the image sensor chip package is rigidly fixed to the camera 
system body, via its heat sinking shruchu-e, so that no significant relative movement between 
the image sensor chip and the heat sinking structure and camera body occurs during thermal 
cycling, thereby prevenfing any misalignment between the field of view (FOV) of the image 
detection elements on the image sensor chip and the planar laser iUumination beam (PLIB) 
produced by the PLIA within the camera subsystem during planar laser illumination and 
imaging operations; 
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Fig. 3E1 is a schematic representation of the second illustrative embodiment of the 
PLIIM-based system of the present invention shown in Fig. 3A, shown comprising a linear 
image formation and detection module, a pair of planar laser iUumination arrays, and a 
stationary field of view (FOV) folding mirror arranged in relation to the image formation and 
detection module such that the stationary field of view thereof is oriented in an imaging 
direction that is coplanar with the stationary plane of laser illumination produced by the planar 
laser illumination arrays, without using any planar laser illumination beam folding mirrors; 

Fig. 3E2 is a block schematic diagram of the PLIIM-based system shown in Fig. 3E1, 
comprising a pair of planar illumination arrays, a linear image formation and detection module, 
a stationary field of view (FOV) folding mirror, an image firame grabber, an image data buffer, 
an image processing computer, and a camera control computer; 

Fig. 3E3 is a schematic representation of the linear type image formation and detection 
module (IFDM) employed in the PLEM-based system shown in Fig. 3E1, wherein an imaging 
subsystem having a variable focal length imaging lens, a variable focal distance and a variable 
field of view is arranged on an optical bench, mounted within a compact module housing, and 
responsive to zoom and focus control signals generated by the camera control computer of the 
PlUM-based system; 

Fig. 3E4 is a schematic representation of an exemplary realization of the PLIIM-based 
system of Fig. 3E1, shown comprising a compact housing, linear-type image formation and 
detection (i.e. camera) module, a pair of planar laser illumination arrays, and a field of view 
(FOV) folding mirror for folding ihe field of view of the image formation and detection module 
in a direction that is coplanar witii tiie plane of composite laser illumination beam produced by 
the planar laser illumination arrays; 

Fig. 3E5 is a plan view schematic representation of \he PLHM-based system of Fig. 3E4, 
taken along line 3E5-3E5 therein, showing the spatial extent of tiie field of view of the image 
brmation and detection module in tiie illustrative embodiment of the present invention; 

Fig. 3E6 is an elevated end view schematic representation of tiie PLIIM-based system of 
ig. 3E4, taken along line 3E6-3E6 tiierein, showing tiie field of view of tiie linear image 
formation and detection module being folded in flie downwardly imaging direction by the field 
of view folding mirror, and tiie planar laser illmnination beam produced by each planar laser 
iUumination module being directed in ttie imaging direction such tiiat botii ttie folded field of 
view and planar laser illumination beams are arranged in a substantially coplanar relationship 
during object illimiination and imaging operations; 

Fig. 3E7 is an elevated side view schematic representation of ttie PUIM-based system of 
ig. 3E4, taken along line 3E7-3E7 tiierein, showing tiie field of view of ttie Unear image 
formation and detection module being folded in ttie downwardly imaging direction by tfie fidd 



-104- 



Attorney Case Ni 



)27USA000 



of view folding mirror, and the planar laser illumination beam produced by each planar laser 
illumination module being directed along the imaging direction such that both the folded field 
of view and stationary planar laser iUumination beams are arranged in a substantially coplanar 
relationship during object illumination and image detection operations; 

Fig. 3E8 is an elevated side view of the PLHM-based system of Fig. 3E4, showing the 
spatial limits of the variable field of view (FOV) of its linear Image formation and detection 
module when controUably adjusted to image the tallest packages moving on a conveyor belt 
structure, as well as the spatial limits of the variable FOV of the linear image formation and 
detection module when controUably adjusted to image objects having height values close to the 
siirface height of the conveyor belt structure; 

Fig. 3F1 is a schematic representation of ttie third illustirative embodiment of the PUIM- 
based system of the present invention shown in Fig. 3A, shown comprising a linear image 
formation and detection module having a field of view (FOV), a pair of planar laser 
illumination arrays for producing first and secoiid stationary planar laser illumination beams, a 
pair of stationary planar laser illumination beam folding mirrors arranged relative to the planar 
laser iUumination arrays so as to fold the stationary planar laser illumination beams produced 
by the pair of planar iUumination arrays in an imaging direction that is coplanar with stationary 
field of view of the image formation and detection module during Ulumination and imaging 
operations; 

Fig. 3F2 is a block schematic diagram of tfte PLUM-based system shown in Fig. 3F1, 
comprising a pair of planar Ulumination arrays, a linear image formation and detection module, 
a pair of stationary planar laser Ulumination beam folding mirrors, an image frame grabber, an 
image data buffer, an image processing computer, and a camera confarol computer; 

Fig. 3F3 is a schematic representation of the linear type image formation and detection 
(IFD) module employed in the PLHM-based system shown in Fig. 3F1, wherein an imaging 
subsystem having a variable focal length imaging lens, a variable focal distance and a variable 
field of view is arranged on an optical bench, mounted wittun a compact module housing, and 
is responsive to zoom and focus conb-ol signals generated by the camera control computer of 
the PLHM-based system during Ulumination and imaging operations; 

Fig. 3G1 is a schematic representation of the fourth illustirative embodiment of the 
PLHM-based system of the present invention shown in Fig. 3A, shown comprising a linear 
image formation and detection (i.e. camera) module having a field of view (FOV), a pair of 
planar laser illumination arrays for producing first and second stationary planar laser 
iUumination beams, a stationary field of view (FOV) folding mirror for folding tiie field of view 
of tiie image formation and detection module, and a pair of stationary planar laser beam folding 
mirrors arranged so as to fold the optical paths of the first and second planar laser Ulumination 
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beams such that stationary planes of first and second planar laser aiumination beams are in an 
imaging direction which is coplanar with the field of view of the image formation and detection 
module during illumination and imaging operations; 

Fig. 3G2 is a block schematic diagram of the PLUM system shown in Fig. 3G1, 
comprising a pair of planar illumination arrays, a linear image formation and detection module! 

stationary field of view (FOV) folding mirror, a pair of stationary planar laser iUumination 
beam folding mirrors, an image frame grabber, an image data buffer, an image processing 
computer, and a camera control computer; 

Fig. 3G3 is a schematic representation of the linear type image formation and detection 
module (IFDM) employed in the PLDM-based system shown in Fig. 3G1, wherein an imaging 
subsystem having a variable focal length imaging lens, a variable focal distance and a variable 
field of view is arranged on an optical bench, mounted within a compact module housing, and 
responsive to zoom and focus control signals generated by the camera control computer of the 
IHM system during illumination and imaging operations; 

Fig. 3H is a schematic representation of over-the-conveyor and side-of-conveyor belt 
package identification systems embodying the PLUM-based system of Fig. 3A; 

Fig. 31 is a schematic representation of a hand-supportable bar code symbol reading 
device embodying the PLlIM-based system of Fig. 3A; 

Fig. 3J1 is a schematic representation of the sixth generalized embodiment of the PLUM- 
based system of the present invention, wherein a pair of planar laser Ulumination arrays 
-^LIAs) are mounted on opposite sides of a linear image formation and detection (IFD) module 
having a variable focal length imaging lens, a variable focal distance and a variable field of 
view, so that the planar illumination arrays produce a plane of laser beam illumination which is 
disposed substantially coplanar witti tiie field view of the image formation and detection 
module and synchronously moved therewith as the planar laser illumination beams are 
scanned across a 3-D region of space during object illumination and image detection operations; 

Fig. 3J2 is a schematic representation of the first illustrative embodiment of the PLIIM- 
based system of the present invention shown in Fig. 3J1, shown comprising an image formation 
and detection module having a field of view (FOV), a pair of planar laser illumination arrays for 
.roducing first and second planar laser illumination beams, a field of view folding/sweeping 
mirror for folding and sweeping ttie field of view of the image formation and detection module, 
and a pair of planar laser beam folding/sweeping mirrors jointly movable with the FOV 
olding/sweeping mirror and arranged so as to fold the optical paths of tiie first and second 
lanar laser illumination beams so that the field of view of the image formation and detection 
module is in an imaging direction that is coplanar with the planes of first and second planar 
laser illumination beams during illumination and imaging operations; 
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F.g. 3J3 .s a block »te«Hc diagr«n of *e PLUM-ba^d system shown in Figs. 3JI and 
3J2 compr,s.ng a pair of planar UluminaHon anays. a linear image formation and detecHon 
module a field of view folding/sweeping mirror, a pair of planar laser iUuminaHon beam 
foldmg/sweeping mirrors, an image frame grabber, an image data buffer, an image pr«.ssi„<, 
computer, and a camera control computer; 

Fig. 3J4 is a schemaSc represenMon of fte linear .ype image formaHon and detecSon 
(IFD) module employed in tt« PUIM-based system shown in Figs. 3^ and ,2, wherein an 
unagmg subsystem having a variable focal lengft imaging lens, a variable focal distance and a 
vanable heM of view is ^ranged on an opHcal bench, mounted within a compact module 
housmg, a,,d responsive to zoom and focus control signals generated by the camera control 
computer of the PUM system during illumination and imaging operations; 

Fig. 3J5 is a schematic representation of a hand-held bar code symbol reading system 
embodymg the PUIM-based subsystem of Fig. 3J1; 6 y ™ 

'J* '»^»*™««<^'^'^tation of a presentalion-lype hold-under bar code symbol 
readmg system embodying the PUIM subsystem of Hg.3JI; 

"?-*AU.«*«„..icrep,««U.,i™,rf„e™a,g;^^^^^j^,^j^^ 

based system of *e present invention, wh««„ a pair of planar laser il,umina«on arrays 
PUAs) are mounted™ opposite sides of anarea ,i.e. J-dimensional) type image formaHon and 
e^on module OFDM) having , fUed ft.al length camera lens, a fixed focal distance and 
hxed field of vrew projected through a region, so that the planar laser illumination 

arrays pr^luce a plane of laser illuminaHon which is disposed substanHaliy coplanar with 
-cfions of the field View of the image formation and detection module while the pUnar J 
lummafion beam is automatically scanned across the 3-D scanning region during object 

TZZT T^' "''"'^ °" ' - 8"phic^ tadida 

3y the PUIM-based system; 

Hg. 4B1 is a schematic representation of the first iUustrative embodiment of the PLDM- 
sya«n <rf the present invention shown in Fig. 4A, shown comprising an «ea-.,pe image 
formatton and detection m«lule having a field of view (FOV) projected through a scannii 
'eg.on, a pdr of planar laser illumination arrays for producing first and second planar ij 
Uummafion beams, and a pair of pUnar laser beam folding/sweeping mirrorsior folding and 
rweepmg the planar laser illumination beams so that the optical paths of these planar Iser 
amunatron beams are oriented in an imaging direction that is coplanar wift a section of the 
ield of vrew of the image formadon and detecHon module as the planar laser illuminaHon 
«ams are swept through the 3-D scanning region during object illuminaHon ami imagiZ 
operations; "tiagmg 
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Fig. 4B2 is a schematic representation of PLDM-based system shown in Fig. 4B1, wherein 
the linear image formation and detection module is shown comprising an area (2-D) array of 
photo^lectronic detectors realized using CCD technology, and each planar laser iUumination 
array is shown comprising an array of planar laser illumination modules (PUMs); 

Fig. 4B3 is a block schematic diagram of the PLIIM-based system shown in Fig. 4B1, 
comprising a pair of planar illumination arrays, an area-type image formation and detection 
module, a pair of planar laser iUumination beam (PLIB) sweeping mirrors, an image frame 
grabber, an image data buffer, an image processing computer, and a camera control computer; 

Fig. 4C1 is a schematic representation of the second iUustrative embodiment of the 
•LIIM system of the present invention shown in Fig. 4A, comprising a area image-type 
formation and detection module having a field of view (FOV), a pair of planar laser 
illumination arrays for producing first and second planar laser illumination beams, a stationary 
field of view folding mirror for folding and projecting the field of view through a 3-D scanning 
region, and a pair of planar laser beam folding/sweeping mirrors for folding and sweeping the 
planar laser iUumination beams so that the optical pati« of these planar laser illumination 
beams are oriented in an imaging direction that is coplanar with a^section of the field of view of 
the image formation and detection module as the planar laser Ulumination beams are swept 
through tire 3-D scanning region during object iUumination and imaging operations; 

Fig. 4C2 is a block schematic diagram of the PLHM-based system shown in Fig. 4C1, 
comprising a pair^f planar Ulumination arrays, an area-type image formation and detectioii 
module, a movable field of view folding mirror, a pair of planar laser Ulumination beam 
sweeping mirrors jointly or otherwise synchronously movable therewith, an image frame 
grabber, an image data buffer, an image processing computer, and a camera control computer; 

Fig. 4D is a schematic representation of presentation-type holder-under bar code symbol 
reading system embodying the PUIM-based subsystem of Fig. 4A; 

Fig. 4E is a schematic representation of hand-supportable-type bar code symbol reading 
system embodying the PLDM-based subsystem of Fig. 4A; 

Fig. 5A is a schematic representation of an eighth generaUzed embodiment of the PUIM- 
based system of the present invention, wherein a pair of planar laser Ulumination arrays 
(PUAs) are mounted on opposite sides of an area (i.e. 2-D) type image formation and detection 
(IFD) module having a fixed focal length imaging lens, a variable focal distance and a fixed field 
of view (FOV) projected through a 3-D scamiing region, so that the planar laser Ulumination 
arrays produce a plane of laser beam Ulumination which is disposed substantiaUy coplanar with 
sections of the field view of the image formation and detection module as the planar laser 
Ulumination beams are automaticaUy scanned through the 3-D scanning region during object 
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illumination and image detection operations carried out on a bar code symbol or other 
graphical indicia by the PLHM-based system; 

Fig. 5B1 is a schematic representation of tiie first illustrative embodiment of the PUIM- 
based system shown in Fig. 5A, shown comprising an image formation and detection module 
havmg a field of view (FOV) projected through a 3-D scamung region, a pair of planar laser 
aiummation arrays for producing first and second planar laser illumination beams, and a pair 
of planar laser beam folding/sweeping mirrors for folding and sweeping the planar laser 
Summation beams so tiut the optical paths of these planar laser illumination beams are 
onented in an imaging direction that is coplanar with a section of the field of view of the image 
formation and detection module as the planar laser illumination beams are swept through the 3- 
D scannmg region during object illumination and imaging operations; 

Fig. 5B2 is a schematic representation of the first illustrative embodiment of the PLIIM- 
based system shown in Fig. 5B1, wherein ike linear image formation and detection module is 
shown comprising, an area (2-D) array of photo-electronic detectors realized using CCD 
technology, and each planar laser iUmnination array is shown comprising an array of planar 
Baser illumination modules; 

Fig. 5B3 is a block schematic diagram of the PLHM-based system shown in Fig 5B1 
ompnsing a short focal length imaging lens, a low-resolution image detection array and 
ssoaated image fi-ame grabber, a pair of planar laser illumination arrays, a high-resolution 
rea-type mtage formation and detection module, a pair of planar laser beam folding/sweeping 
airrors, an associated image frame grabber, an image data buffer, an image processing 
:omputer, and a camera control computer; 

Fig. 5B4 is a schematic representation of the area-type image formation and detection 
JIFD) module employed in the PLHM-based system shown in Fig. 5B1, wherein an imaging 
mbsystem having a fixed lengti^ imaging lens, a variable focal distance and fixed field of view is 
arranged on an optical bench, mounted witfun a compact module housing, and responsive to 
focus control signals generated by tiie camera control computer of the PLHM-based system 
luring illumination and imaging operations; 

Fig. 5C1 is a schematic representation of fl« second illustrative embodiment of the 
LHM-based system of the present invention shown in Fig. 5A, shown comprising an image 
formation and detection module, a stationary FOV folding mirror for folding and projecting the 
FOV through a 3-D scamung region, a pair of planar laser illumination arrays, and pair of 
planar laser beam folding/sweeping mirrors for folding and sweeping the planar laser 
Illumination beams so that the optical paths of these planar laser illumination beams are 
onented in an imaging direction titat is coplanar with a section of the field of view of the imag. 
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formation and detection module as the planar laser illumination beams are swept through the 3- 
D scanrung region during object illumination and imaging operations; 

Fig. 5C2 is a schematic representation of the second illustrative embodiment of the 
PLIIM-based system shown in Fig. 5A, wherein the linear image formation and detection 
module is shown comprising an area (2-D) array of photo-electronic detectors realized using 
CCD technology, and each planar laser illumination array is shown comprising an array of 
plarwr laser illumination modules (PUMs); 

Fig. 5C3 is a block schematic diagram of the PUIM-based system shown in Fig. 5C1, 
comprising a pair of planar laser illumination arrays, an area-type image formation and 
detection module, a stationary field of view (FOV) folding mirror, a pair of planar laser 
illumination beam folding and sweeping mirrors, an image frame grabber, an image data 
bxiffer, an image processing computer, and a camera control computer; 

Fig. 5C4 is a schematic representation of the area-type image formation and detection 
(IFD) module employed in the PUIM-based system shown in Fig. 5C1, wherein an imaging 
subsystem having a fixed length imaging lens, a variable focal distance and fixed field of view is 
arranged on an optical bench, mounted within a compact module housing, and responsive to 
focus control signals generated by the camera control computer of the PLIIM-based system 
during illumination and imaging operations; 

Fig. 5D is a schematic representation of a presentation-type hold-under bar code symbol 
reading system embodying the PLIIM-based subsystem of F^g. 5A; 

Fig. 6A is a schematic representation of a ninth generalized embodiment of the PLIIM- 
?ased system of the present invention, wherein a pair of planar laser iUumination arrays 
(PLIAs) are mounted on opposite sides of an area type intage formation and detection (IFD) 
module having a variable focal length imaging lens, a variable focal distance and variable field 
of view projected through a 3-D scanning region, so that the planar laser illumination arrays 
produce a plane of laser beam illumination which is disposed substanttaUy coplanar with 
sections of the field view of the image formation and detection module as the planar laser 
Qlumination beams are automatically scanned through the 3-D scanning region during object 
illumination and image detection operations carried out on a bar code symbol or other 
graphical indicia by the PUIM-based system; 

Fig. 6B1 is a schematic representation of the first illustrative embodiment of the PLIIM- 
ijased system of the present invention shown in Fig. 6A, shown comprising an area-type image 
formation and detection module, a pair of planar laser illumination arrays for producing first 
and second planar laser illumination beams, a pair of planar laser illumination arrays for 
producing first and second planar laser iUumination beams, and a pair of planar laser beam 
olding/sweeping mirrors for folding and sweeping the planar laser illumination beams so that 



-110- 



Attorney Case N(^^ 



i27USA000 



the optical paths of these planar laser iUumination beams are oriented in an imaging direction 
that is coplanar with a section of the field of view of the image fonnation and detection module 
as the planar laser illumination beams are swept through the 3-D scanning region during object 
illumination and imaging operations; 

Fig. 6B2 is a schematic representation of a first illustrative embodiment of the PLIIM- 
based system shown in Fig. 6B1, wherein the area image formation and detection module is 
shown comprising an area array of photo-electronic detectors realized using CCD technology 
and each planar laser illumination array is shown comprising an array of planar laser 
illumination modules; 

Fig. 6B3 is a schematic representation of the first fflustrative embodiment of the PLIIM- 
based system of flie present invention shown in Fig. 6B1, shown comprising a pair of planar 
lUummation arrays, an area-type image formation and detection module, a pair of planar laser 
beam folding/sweeping mirrors, an image frame grabber, an image data buffer, an image 
processmg computer, and a camera control computer; 

Fig. 6B4 is a schematic representation of the area-type (2-D) image formation and 
detection (IFD) module employed in the PLUM-based system shown in Fig. 6B1, wherein an 
imagmg subsystem having a variable length imaging lens, a variable focal distance and variable 
field of view is arranged on an optical bench, mounted within a compact module housing, and 
responsive to zoom and focus control signals generated by the camera control computer of the 

r -based system during illumination and imaging operations; 
Fig. 6C1 is a schematic representation of the second illustrative embodiment of the 
PUIM-based system of the present invention shown in Fig. 6A, shown comprising an area-type 
.mage formation and detection module, a stationary FOV folding mirror for folding and 
projecting the FOV through a 3-D scanning region, a pair of planar laser iUumination arrays 
and pau- of planar laser beam folding/sweeping mirrors for folding and sweeping the planar 
laser iUumination beams so that the optical paths of these planar laser iUumination beams are 
onented m an imaging direction that is coplanar with a section of the field of view of the image 
formation and detection module as the planar laser iUumination beams are swept thiough the 3- 
D scanning region during object iUumination and imaging operations; 

Fig. 6C2 is a schematic representation of a second Ulustrative embodiment of the PUD^ 
ased system shown in Fig. 6C1, wherein the aiea-type image formation and detection module 
shown comprising an area array of photo^lectronic detectors reaUzed using CCD technology 
nd each planar laser iUumination array is shown comprising an array of planar laser 
uinination modules; 

Fig. 6C3 is a schematic representation of the second Ulustrative embodiment of the 
LOM-based system of the present invention shown in Fig. 6C1, shown comprising a pair of 
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planar laser illumination arrays, an area-type image formation and detection module, a 
stationary field of view (FOV) folding mirror, a pair of planar laser iUumination beam folding 
and sweeping mirrors, an image frame grabber, an image data buffer, an image processing 
computer, and a camera control computer; 

Fig. 6C4 is a schematic representation of the area-type image formation and detection 
(IFD) module employed in the PLIIM-based system shown in Fig. 5C1, wherein an imaging 
subsystem having a variable length imaging lens, a variable focal distance and variable field of 
view is arranged on an optical bench, mounted within a compact module housing, and 
responsive to zoom and focus control signals generated by the camera control computer of the 
UIM-based system during illumination and imaging operations; 

Fig. 6C5 is a schematic representation of a presentation-type hold-under bar code 
symbol reading system embodying the PLIIM-based system of Fig. 6A; 

Fig. 6D1 is a schematic representation of an exemplary realization of the PLIIM-based 
system of Fig. 6A, shown comprising an area-type image formation and detection module, a 
stationary field of view (FOV) folding mirror for folding and projecting the FOV through a 3^D 
scanning region, a pair of planar laser illumination arrays, and pair of planar laser beam 
■folding/sweeping mirrors for folding and sweeping the planar laser illumination beams so that 
the optical paths of these planar laser illumination beams are oriented in an imaging direction 
that is coplanar with a section of the field of view of the image formation and detection module 
as the planar laser illumination beams are swept through the 3-D scanning region during object 
illumination and imaging operations; 

Fig. 6D2 is a plan view schematic representation of the PLIIM-based system of Fig. 6D1, 
taken along line 6D2-6D2 in Fig. 6D1, showing the spatial extent of the field of view of the 
image formation and detection module in the iUustrative embodiment of the present invention; 

Fig. 6D3 is an elevated end view schematic representation of the PLIIM-based system of 
ig. 6D1, taken along line 6D3-6D3 therein, showing the FOV of the area-type image formation 
and detection module being folded by the stationary FOV folding mirror and projected 
downwardly through a 3-D scanning region, and the planar laser iUumination beams produced 
from the planar laser illumination arrays being folded and swept so that the optical paths of 
these planar laser illumination beams are oriented in a direction that is coplanar with a section^ 
of the FOV of the image formation and detection module as the planar laser illumination beams 
are swept through the 3-D scanning region during object illumination and imaging operations; 

Fig. 6D4 is an elevated side view schematic representation of the PLIIM-based system of 
'ig. 6D1, taken along line 6D4-6D4 therein, showing the FOV of the area-type image formation 
and detection module being folded and projected downwardly through the 3-D scanning 
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region, while the planar laser illumination beams are swept through the 3-D scanning region 
during object illumiiuition and imaging operations; 

Fig. 6D5 is an elevated side view of the Pimi-based system of Fig. 6D1, showing the 
spatial Umits of the variable field of view (FOV) provided by the area-type image formation and 
detection module when imaging the tallest package moving on a conveyor belt structure must 
be miaged, as well as the spatial limits of the FOV of the image formation and detection module 
when miaging objects having height values close to the surface height of the conveyor belt 
structure- 
Fig. 6E1 is a schematic representation of a tenth generalized embodiment of the PUIM- 
based system of the present invention, wherein a 3-D field of view and a pair of planar laser 
iUumination beams are controUably steered about a 3-D scanning region; 

Fig. 6E2 is a schematic representation of the PLIIM-based system shown in Fig 6E1 
shown comprising an area-type (2D) image formation and detection module, a pair of p W 
aser iUumination arrays, a pair of x and y axis field of view (FOV) folding mirrors arranged in 
relation to the image formation and detection module, and a pair of planar laser iUumination 
beam sweeping mirrors arranged in relation to the pair of planar laser beam iBumination 
muTors, such that the planes of laser illumination are coplanar with a planar section of the 3-D 
field of view of the image formation and detection module as the planar laser iUumination 
.eams are automaticaUy scamted across a 3-D region of space during object Ulumination and 
image detection operations; 

Fig. 6E3 is a schematic representation of the PLIIM-based system shown in Fig. 6E1 
shown, comprising an area-type image formation and detection module, a pair of planar laser' 
iUumination arrays, a pair of x and y axis FOV folding mirrors arranged in relation to the image 
formation and detection module, and a pair planar laser iUumination beam sweeping mirrors 
arranged in relation to (he pair of planar laser beam Ulumination minx>rs, an image frame 
-abber, an image data buffer, an image processing computer, and a camera control computer; 

Fig. 6E4 is a schematic representation showing a portion of the FUIM-based system in 
ig. 6E1, wherein tite 3-D field of view of the image formation and detection module is steered 
.ver the 3-D scamting region of the system using the x and y axis FOV folding mirrors, working 
a cooperation with the planar laser Ulumination beam folding mirrors which sweep the pair of 
Planar laser Ulumination beams in accordance with the principles of the present invention; 

Fig. 7 A is a schematic representation of a first Ulustrative embodiment of the' hybrid 
tolographic/CCD PLIIM-based system of the present invention, wherein (i) a pair of planar 
aser Ulumination arrays are used to generate a composite planar laser Ulumination beam for 
iluminating a target object, (u) a holographic-type cyUndrical lens is used to coUimate ti.e rays 
of the planar laser Ulumination beam down onto the a conveyor belt surface, and (ui) a motor- 
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driven holographic imaging disc, supporting a oluralifv ^ ■ . 
ho,os.aphic opHca. .e_. (HOB, Hav^ .^I. ^ tZZT 't"' 

fl-D^ Crn iT«a»^ *i »engms, IS disposed before a linear 

U u; t,eu image detection array, and functions as a variaKi^*. • 

Fi. rl'^"^ " "f""^ °' ""K'S'^PWc/CCD PUIM-ba«d systen, of 

F.g. 7A, showmg the coplanar relationship between the olansr t^. I, ■ 

p..u^h.thepW..a.e,U.„n...i.a:,„ttherr™:~^ 
v^,^p^uc.B.the.a^.h„,^^^^^^^ 

Fig 8A is a schen«Hc representadon of a second illustrative embodiment of the hybrid 
o,og^ph.c/CCD PUIM-based system o, the present in.enHon, wherein (i, a paL! 1 
U«r Ulumit^tion arrays are used to genera, a composite planar laser illllZ 
mum^hr^ a targe, object, ,ii, a holographic-type cylindrical lens is used to coBiTte^rat 
of *e plar^ laser munition beam dow. onto the a conveyor belt surface n 

Mographic imaging disc, supporting a P.ura4 ori:^.rt^ ^ 
hlo^p^copticalel^tsO^OBihavingdifferentfoca.,.^^ 
D) type CCD m>age detection array, and funcHons as a variable-tvoe in,»^ k 
.pab^fdete*,gimagesof„b,ectsovera.argerangeofobj^^^ 
Iheplanarlaserinuminationbeamilluminatesthetargetobjecf " 

>ystem!fF° 1' "''^^''"^ »' *^ hybrid holographic/CCD-based PlDM^ased 

^tem of F,g. 8A, showutg the coplanar relationship between ^ 

beamCs) produced by U,e planar laser illumination arrays of the PlZ balT^,^ 
variable field of view (FOV, produced by the variable ^^.^^^1'."' 
subsystemofthePUIM-basedsystem- P'»"'=«<i focal length unagmg 

linear) tvn. rrn '^''^^S ^y^**"* employing a 1-D (i e 
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(i.e. including ite integrated package velocity computation subsystem 
hei^t/widtH/lengt. profiling subsysten. tHe package- Jtunne, 
package-out^f-tunnel i„dica«o„ subsystem,, a PLDM-based (linear CCD, bar code 
read.„g subsystem, data-element queuing, handling and processing subsystem^ 
u^V^tput port multiplexing subsystem, an ,/0 port ior a graphical u^r intele^G^ 
n*.orlc mterbce controUer (for supporting ne^orking protocols such as Ethernet, ff, J , ^ 
o whch are mtegrated together as a fully working unit contained within a single housit^ 
ultra-compact construction; nousmg ot 

Hg. 11 is a schematic representation of a portion of the unitary PLDM-based packa<>e 

b^ween ..s PlOM-based subsystem and IDIP subsystem, and the various information signals 
wh.ch arc g™ by the LDn- subsystem and provided to the camera control compu.^^ 
how *e cam^a control computer g«.erates digital camera control signals which are pro^ 
to ate m«ge formahon and detection (i.e. camera, subsystem so that the unitary system can 
^ out its diverse functior^ in an integrated manner, including („ capturing 
Kav^ (r)s^ pbcels (,... ,a aspect ratio, independent of package Lghf or ^loc,3 
..^Uy reduced speckl^noise pattern levels, and (Ui, constant 4, r^,u«ont2.^' 
m dots per mch (dpi, independent of package height or velocity and wLut the useT^ 
W«.n^c optKS employed by prior art systems, ,2, automatic cropping o, captured imagT^ 
^ only regtons of interest reflecting the package or package label are either Lsmi«J: 2 
pr^e^ by the unage processing computer (using l-D or 2-D bar code symbol decodi.^ „" 
character recognition (OCR, image pro«ssing algoriUuns), and (3) automatic ijg. 
I|ftng operations for supporting other package management operations carried out by the e^- 

Hg 12A is a perspective view of the housing for the unitary package dimensioning and 
.dentihcanon system „, Fig. showing the constiuction of its houlg artd ti.e7a^ 
arrar^em^t of its two optically-isolated comparti«„ts, with aU interj, parts rel^ 
IhetefiomfbrpuiposesofiUustration; removed 

and id^Hr ' ""^-^""^ °' "-i-y nUMWd package dimensioni^ 
and rdent^cation system of Fig. showing the PUlM-based subsystem and subsyZ 
components contained within a first opticaHy-isolated compart^n. formed i„ the upper ^ 

ITS' Z'T"""^ """^ ' -ond^ticallv- 

-Uted m„formedin.helowerdeck,belowt,„f,rsto^^^ 

identiti^H ! ' T package dimensioning and 

Kientihcation system of Fig. ,, showing the spatial layout „, Uu various optical ^ Lj. 
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optical components mounted on the optical bench of the PLIIM-based subsystem installed 
within the first opticaUy-isolated cavity of the system housing; 

Fig. 12D is a third cross-sectional view of the unitary PLIIM-based package 
dimensioning and identification system of Fig. 9, showing the spatial layout of the various 
optical and electiro-optical components mounted on the optical bench of the LDIP subsystem 
mstalled within the second opticaUy-isolated cavity of the system housing; 

Fig. 12E is a schematic representation of an illustrative implementation of the image 
formation and detection subsystem contained in the image formation and detection (IFD) 
module employed in the PLIIM-based system of Fig. 9, shown comprising a stationary lens 
system mounted before the stationary linear (CCD-type) image detection array, a first movable 
lens system for stepped movement relative to the stationary lens system during image zooming 
operations, and a second movable lens system for stepped movements relative to the fir^t 
movable lens system and the stationary lens system during image focusing operations; 

Fig. 13A is a first perspective view of an alternative housing design for use with the 
lumtary PLIIM-based package identification and dimensioning subsystem of the present 
nvention, wherein the housing has the same Ught transmissioa^pertures providM in the 
lousmg design shown in Figs. 12A and 12B, but has no housing panels disposed about the Ught 
ransmission apertures through which PLIBs and the FOV of the PLIIM-based subsystem 
xtend, thereby providing a region of space into which an optional device can be mounted for 
arrymg out a speckle-pattern noise reduction solution in accordance with the principles of Ae 
>resent invention; 

Fig. 13B is a second perspective view of the housing design shown in Fig. ISA; 
Fig. 13C is a third perspective view of the housing design shown in Fig. 13A, showing 
,e different sets of optically-isolated light transmission apertizres formed in the underside 

urf ace of the housing; 

Fig. U is a Khematic represenlaHon of the unilary PLIIM-based package dimensioning 
.denMcaaon system of Hg. 13, showing the use of a "Real-rmK" Package Height Proffli^r 
»d Edge Detection Processing Module v«lhi„ the LDIP subsystem to automatically process 
aw data received by the LDIP subsystem and generate, as output, time-stamped daU sets ftat 
re transmitted to.a camera control computer which automaticaUy processes fte received time- 
tamped data sets and generates real-time camera control signals that drive the focus and zoom 
ens group translators within a high-speed auto-focus/autCHzoom digital camera subsystem so 
ha, the camera subsystem automaticaUy captares digital images having (1) square pbcels (ie 
1 aspect raHo) independent of package height or velocity, (2) significanUy educed speckle^ 
oise levels, and (3) constant image resolution measure! in dots per inch (dpi) independent 
ackage height or velocity; 



-116- 



Attorney Case 



i27USAO0O 



Fig. 15 as a flow chart describing the primary data processing operations that are carried 
out by the Real-Time Package Height ProfQe And Edge Detection Processing Module within the 
LDP subsystem employed in the PUIM-based system shown in Figs. 13 and 14, wherein each 
sampled row of raw range data coUected by the LDIP subsystem is processed to produce a data 
set (i.e. containing data elements representative of the current time^tamp, the package height 
the position of the left and right edges of the package edges, the coordinate subrange where 
height values exhibit maximum range intensity variation and the current package velocity) 
which is then transmitted to the camera control computer for processing and generation of real- 
time camera control signals that are transmitted to the auto-focus/auto-zoom digital camera 
subsystem; 

Fig. 16 is a flow chart describing the primary data processing operations that are carried 
out by the Real-Time Package Edge Detection Processing Method performed by the Real-Time 
Package Height Profiling And Edge Detection Processing Module within the LDIP subsystem 
f PLHM-based system shown in Figs. 13 and 14; 

Fig. 17 is a schematic representation of the LDP Subsystem embodied in the unitary 
'LUM^ subsystem of Kgs. 13 and 14, shown mounted above a conveyor belt struchue- 

Fig. 17A is a data structure used in the Real-Time Package Height Profiling Method of 
ig. 15 to buffer sampled range intensity (y and phase angle m data samples collected at 
anous scan angles (aO by LDIP Subsystem during each LDP scan cyde and before appUcation 
coordinate transformations; 

Fig. 17B is a data structure used in the Real-Time Package Edge Detection Method of Fig 
6, to buffer range (RJ and polar angle (0^ dated samples collected at each scan angle (o^ by 
he LDP Subsystem during each LDP scan cycle, and before application of coordinate 
^ansformations; 

Fig. 17C is a data structure used in the method of Fig. 15 to buffer package height (yj 
.nd position (xj data samples computed at each scan angle (a,) by the LDP subsystem during 
ach LDP scan cycle, and after appUcation of coordinate transformations; 

Figs. 18A and 18B, taken together, set forth a real-time camera control process that is 
:amed out within the camera control computer employed within the PLHM-based systems of 
«ig. 11, wherem the camera control computer automaticaUy processes the received time- 
stamped data sets and generates real-time camera control signals that drive the focus and zoom 
lens group translators within a high-speed auto-focus/auto-zoom digital camera subsystem (i e 
:he PD module) so that the camera subsystem automatically captures digital images having (1) 
square pixels (i.e. 1:1 aspect ratio) independent of package height or velocity, (2) significantly 
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reduced speckle-noise levels, and (3) constant image resolution measured in dots per inch (DPI) 
independent of package height or velocity; 

Figs. 18C1 and 18C2, taken together, set forth a flow chart setting forth the steps of a 
method of computing the optical power which must be produced from each VLD in a PLUM- 
■based system, based on the computed speed of the conveyor belt above which the PLIIM-based 
is mounted, so that the control process carried out by the camera control computer in the 
PLIIM-based system captures digital images having a substantially uniform "white" level, 
regardless of conveyor belt speed, thereby simplifying image processing operations; 

Fig. 19 is a schematic representation of the Package Data Buffer structure employed by 
the Real-Time Package Height Profiling And Edge Detection Processing Module Ulustrated in 
Fig. 14, wherein each current raw data set received by the Real-Time Package Height Profiling 
And Edge Detection Processing Module is buffered in a row of the Package Data Buffer, and 
each data element in the raw data set is assigned a fixed column index and variable row index 
which increments as the raw data set is shifted one index unit as each new incoming raw data 
set is received into tiie Package Data Buffer; 

Fig. 20. is a schematic representation of the Camera Pixel Data Buffer structure - 
employed by the Auto-Focus/Auto-Zoom digital camera subsystem shown in Fig. 14, wherein 
each pbcel element in each caphired image frame is stored in a storage ceU of the Camera Pbcel 
Data Buffer, which is assigned a uiuque set of pbcel indices (i,j); 

Fig. 21 is a schematic representation of an exemplary Zoom and Focus Uns Group 
Position Look-Up Table associated with the Auto-Focus/Auto-Zoom digital camera subsystem 
used by the camera confrol computer of the illustrative embodiment, wherein for a given 
package height detected by the Real-Time Package Height Profiling And Edge Detection 
Processing Module, the camera confrol computer uses the Uok-Up Table to determine the 
precise positions to which the focus and zoom lens groups must be moved by generating and 
supplying real-time camera confrol signals to the focus and zoom lens group franslators within 
a high-speed auto-focus/auto-zoom digital camera subsystem (i.e. the IFD module) so that the 
camera subsystem automatically captures focused digital images having (1) square pbcek (U. 
1:1 aspect ratio) independent of package height or velocity, (2) significantly reduced speckle 
noise levels, and (3) constant image resolution measured in dots per inch (DPI) independent of 
backage height or velocity; 

Fig. 22 is a graphical representation of the focus and zoom lens movement characteristics 
associated with the zoom and lens groups employed in the illusfrative embodiment of tiie Auto- 
focus/auto-zoom digital camera subsystem, wherein for a given detected package height, the 
position of the focus and zoom lens group relative to the camera's working distance is obtained 
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by finding the points along these characteristics at the specified working distance (i.e, detected 
package height); 

Fig. 23 is a schematic representation of an exemplary Photo-integration Time Period 
Look-up Table associated with CCD image detection array employed in the auto-focus/auto- 
zoom digital camera subsystem of the PUIM-based system, wherein for a given detected 
package height and package velocity, the camera control computer uses the Look-Up Table to 
determine the precise photo-integration time period for the CCD image detection elements 
employed within the auto-focus/auto-zoom digital camera subsystem (i.e. the IFD module) so 
that the camera subsystem automatically captures focused digital images having (1) square 
pixels (i.e. 1:1 aspect ratio) independent of package height or velocity, (2) significantly reduced 
speckle-noise levels, and (3) constant image resolution measured in dots per inch (DPI) 
independent of package height or velocity; 

Fig. 24 is a perspective view of a unitary, intelligent, package identification and 
dnnensioning system constructed in accordance with the second iUustrated embodiment of the 
present invention, wherein packages, arranged in a non-singulated or singulated configuration, 
are transported along a high speed conveys- belt, detected and dimensioned by the LADAR- 
based imaging, detecting and dimensioning (LDIP) subsystem of the present invention 
weighed by a weighing scale, and identified by an automatic PLIIM-based bar code symbol 
reading system employing a 2-D (i.e. area) type CCD-based scanning array below which a Ught 
focusing lens is mounted for imaging bar coded packages transported therebeneath aSd decode 
processing these images to read such bar code symbols in a hilly automated manner; 

Fig. 25 is a schematic block diagram illustrating the system architecture a^d subsystem 
Components of the unitary package identification and dimensioning system shown in Fig. 24, 
namely its LADAR-based package imaging, detecting and dimensioning (LDIP) subsystem 
(with its integrated package velocity computation subsystem, package height/width/length 
profiling subsystem, the package-in-tunnel indication subsystem, the package-out-of-tunnel 
indication subsystem), the PLEM-based (linear CCD) bar code symbol reading subsystem, the 
data-element queuing, handling and processing subsystem, the irq>ut/output port multiplexing 
subsystem, an I/O port for a graphical user interface (GUI), and network interface controller 
(for supporting networking protocols such as Ethernet, IP, etc.), all of which are integrated 
together as a working unit contained within a single housing of ultra<ompact construction; 

Fig. 26 is a schematic representation of a portion of the unitary package identification 
and dimensioning system of Fig. 24 showing in greater detail the interface between its PLIIM- 
based subsystem and LDIP subsystem, and the various information signals which are generated 
by the LDIP subsystem and provided to the camera control computer, and how the camera 
control computer generates digital camera control signals which are provided to the image 
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formation and detecHon (IFD) subsystem (i.e. "camera") so that the unitary system can can>- 
out its diverse functions in an integrated manner, including (1) capturing digital images having 
(i) square pixels (i.e. 1:1 aspect ratio) independent of package height or velocity, (u) significantly 
reduced speckle-noise pattern levels, and (iu) constant image resolution measured in dots per 
inch (DPI) independent of package height or velocity and without the use of costly telecentric 
optics employed by prior art systems, (2) automatic cropping of captured images so that onlv 
regions of interest reflecting the package or package label are transmitted to the image 
processing computer (for 1-D or 2-D bar code symbol decoding or optical character recognition 
(OCR) image processing), and (3) automatic image-lifting operations for supporting other 
package management operations carried out by the end-user; 

Fig. 27 is a schematic representation of the four-sided tunnel-type package identification 
and dimensioning (PID) system constructed by arranging about a high-speed package conveyor 
belt subsystem, one PLDM-based PID unit (as shown in Fig. 9) and three modified PLIIM-based 
PID units (without the LDIP Subsystem), wherein the LDIP subsystem in the top PID unit is 
configured as the master unit to detect and dimension packages transported along the belt 
while the bottom PID unit is coirfiguied as a slave unit to view packages through a smaU gap 
between conveyor belt sections and the side PID units are configured as slave units to view 
packages from side angles sUghtly downstream from the master unit, and wherein aU of the PID 
units are operably comiected to an Ethernet control hub (e.g. contained within one of the slave 
units) of a local area network (LAN) providing high-speed data packet communication ampng 
each of the units within the tiumel system; 

Fig. 28 is a schematic system diagram of the tunnel-type system shown in Fig. 27 
embedded within a first-type LAN having an Ethernet control hub (e.g. contained within one of 
the slave units); 

Fig. 29 is a schematic system diagram of the hmnel-type system shown in Fig. 27, 
embedded within a second-type LAN having an Ethernet control hub and an Ethernet data' 
switch (e.g. contained within one of the slave units), and a fiber-optic (FO) based network, to 
which a keying-type computer workstation is connected at a remote distance within a packlge 
counting facility; 

Fig. 30 is a schematic representation of the camera-based package identification and 
dimensioning subsystem of Fig. 27, illustrating the system architecture of the slave units in 
relation to the master unit, and that (1) the package height, width, and length coordinates data 
and velocity data elements (computed by the LDIP subsystem within the master unit) are 
produced by the master unit and defined with respect to the global coordinate reference system, 
and (2) these package dimension data elements are hransmitted to each slave unit on the data 
communication network, converted into the package height, width, and length coordinates, 
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and used to generate real-time camera control signals which inteUigently drive the camera 
subsystem within each slave unit, and (3) the package identification data elements generated by 
any one of the slave units are automatically tiransmitted to the master slave unit for timil 
stamping, queuing, and processing to ensure accurate package dimension and identification 
data element linking operations in accordance with tiie principles of the present invention; 

Fig. 31 is a schematic representation of the hmnel-type system of Fig. 27, illustrating that 
package dimension data (i.e. height, widtii, and length coordinates) is (i) centraUy computed by 
the master unit and referenced to a global coordinate reference frame, (ii) tiransmitted over the 
data network to each slave unit witiiin the system, and (iii) converted to the local coordinate 
reference frame of each slave unit for use by its camera control computer to drive its automatic 
zoom and focus imaging optics in an intelligent, real-time manner in accordance with the 
principles of the present invention; 

Fig. 31A is a schematic representation of one of tiie slave units in the timnel system of 
Fig. 31, showing tiie angle measurement (i.e. prohractor) devices of the present invention 
integrated into the housing and support staructiire of each slave unit, thereby enabling 
technicians to measure the pitch and yaw angle of the local coordinate system -symboUcaDy 
embedded within each slave unit; 

Figs. 32A and 32B, taken together, provide a high-level flow chart describing tiie 
primary steps involved in carrying out tiie novel method of controUing local vision-based 
camera subsystems deployed within a hmnel-based system, using real-time package dimension 
data cenfaraUy computed witii respect to a global/central coordinate frame of reference, and 
distributed to local package identification units over a high-speed data communication 
network; 

Fig. 33A is a schematic representation of a first illustrative embodiment of ttie bioptical 
PLIIM-based product dimensioning, analysis and identification system of the present 
invention, comprising a pair of PLIIM-based package identification and dimensioning 
subsystems, wherein each PLIIM-based subsystem employs visible laser diodes (VLDs) having 
different color producing wavelengti^ to produce a multi-spectral planar laser illumination 
beam (PLIB), and a 1-D (linear-type) CCD image detection array within the compact system 
•housing to caphire images of objects (e.g. produce) tixat are processed in order to determine the 
shape/geometry, dimensions and color of such products in diverse retail shopping 
environments; 

Fig. 33B is a schematic representation of the bioptical FLHM-based product 
dimensioning, analysis and identification system of Fig. 33A, showing its PLIIM-based 
subsystems and 2-D scanning volume in greater detail; 
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PLnM-ba«d product dimensioning, =™lysi. and ide«i(ica«o„ sy«em of to te, aiustradve 
emlxxUment shown in Hgs. 33A and 33B; 

Fig. 34A is a sctemaMc represenlaHon of a second iUusttaHve embodiment of the 
b,opncal PUIM-based product dimensioning, analysis and identification system of the present 
invention, comprising a pair of PLDM-based package identification and dimensioning 
subsystems, wherein each PLDM-based subsystem employs visible laser diodes (VLDs) having 
differs, color pr»ludng wavelengths to produce a multi-spectral planar laser illuminaH„„ 
«am (PUB), and a 2-0 (area-type) CCD image detection array within the compact system 
housu^ to capture images of obj«* (e.g. produce) that are processed in order to determine the 
shape/geometry, dimensions and color of such products in diverse retail shopping 
environments; ^ 

Fig. 34B is a schemaHc representation of the bioptical PLIIM-based product 
dimensioning, analysis and identiflcaHon system of Fig 34A, showing its PUlM-based 
subsystems and 3-D scanning volume in greater detaB; 

f*' * '-"^ *^ ^ system architecture of fte bioptical 

UIM-based product <to««ioning, analysis and identificaKon system of the second 
ulustrahve embodiment shown in Figs. 34A and 34B; 

Fig. 35A is a first perspective view of the plana, laser illumination module (PLIM) 
reahzed on a semiconductor chip, wherein a micro-sized (diffraclive or refractive) cylindrical 
lens array is mounted upon a linear array of surface emitting lasers (SELs) fabricated on a 
^nuconductor substrate, and encased within an integrated circuit 00 package, so as to 
produce a planar laser iUumination beam (PUB) composed of numerous (e.g. lOMOO) spatially 
mcoherent laser beam components emitted from said linear array of SELs in accorda^e wift 
the pnnaples of the present invention; 

Fig. 35B is a second perspective view of an illustrative embodiment of the PLIM 
semiconductor chip of Fig. 35A, showing its semiconductor package provided with electrical 
connector pins and an elongated Ught transmission window, through which a planar laser 
dlummation beam is generated and transmitted in accordance with the principles of the present 
mvention; 

Fig. 36A is a cross-sectional schematic representation of the PUM-based «micond,K*>r 
chrp of the present invention, constructed from "45 degree mirror" surface emitting lasers 

Fig. 36B is a cross-sectional schematic representation of the FLIM-based semiconductor 
Chip of the present invention, constructed bom "grating-coupled" SELs; 
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Fig. 36C is a cross-sectional schematic representation of the PLIM-based semiconductor 
chip of the present invention, constructed from "vertical cavity" SELs, or VCSELs; 

Fig. 37 is a schematic perspective view of a planar laser iUumination and imagine 
module (PLUM) of the present invention realized on a semiconductor chip, wherein a pa^of 
oucro-sized (diffractive or refractive) cylindrical lens arrays are mounted upon a pair of linear 
arrays of surface emitting lasers (SHU) (of corresponding length characteristics) fabricated on 
opposite sides of a linear CCD image detection array, and wherein both the linear CCD image 
detection array and linear SEL arrays are formed a common semiconductor substrate, encased 
mthin an integrated circuit (IQ package, and collectively produce a composite planar laser 
IUumination beam (PUB) that is transmitted through a pair of light transmission windows 
formed m the IC package and aligned substantially within the planar field of view (FOV) 
brovided by the linear CCD image detection array in accordance with the principles of the 
present invention; 

Fig. 38A is a schematic representation of a CCD/VLD PLIIM-based semiconductor chip 
^f the present invention, wherein a pluraUty of electronicaUy-activatable linear SEL arrays are 
used to eIect«K>pticany scan (i.e. iUuminate) the entire 3-D FOV of CCD image detection array 
contained within the same integrated circuit package, without using mechanical scanning 

tnechanisms; ^ 

Fig. 38B is a schematic representation of the CCD/VLD PLIIM-based semiconductor 
chip of Rg. 38A, showing a 2D array of surface emitting lasers (SELs) formed about an area- 
type CCD mtage detection array on a common semiconductor substrate, with a field of view 
(FOV) defimng lens element mounted over the 2D CCD image detection array and a 2D array 
of cylindncal lens elements mounted over the 2D array of SELs; 

Fig. 39A is a perspective view of a first illustrative embodiment of the PLIIM-based 
hand-supportable linear imager of the present invention which contains within its housing, (1) a 
PLIIM-based unage caphire and processing engine comprising a dual-VLD PLIA and a 1-D 
(i.e. Imear) image detection array with vertically-elongated image detection elements and 
configured within an optical assembly that operates in accordance with the first generalized 
method of speckle-pattern noise reduction illusti:ated in Figs. IIIA through 1I3D, (2) a LCD 
display panel for displaying images caph^red by said engine and information provided by a 
.ost computer system or other information supplying device, and (3) a manual data entry 
keypad for manually entering data into the imager during diverse types of information-related 
hransactions supported by the PLIIM-based hand-supportable imager; 

Fig. 39B is an exploded perspective view of the PLIIM-based image capture and 
processing engine employed in the hand-supportable linear imager of Fig. 39A, showing its 
PLIAs, IFD module (i.e. camera subsystem) and associated optical components momited on an 
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optical-bench/multi-layer PC board, for contaiiunent betweei\ the upper and lower portions of 
the engme housing; 

Fig. 39C is a plan view of the optical-bench/multi-layer PC board contained within the 
PUIM-based image capture and processing engine of Fig. 39B, showing the field of view of the 
IFD module in a spatiaUy-overlapping coplanar relation with respect to the PUBs generated by 
tt\e PLIAs employed therein; 

Fig. 39D is an elevated front view of the PLUM-based image capture and processing 
engine of Fig. 39B, showing the PUAs mounted on opposite sides of its IFD module; 

Fig. 39E is an elevated side view of the PLUM-based image capture and processing 
engine of Fig. 39B, showing the field of view of its IFD module spatiaUy-overlapping and 
coextensive (i.e. coplanar) with the PLIBs generated by the PLIAs employed therein; 

Fig. 40A1 is a block schematic diagram of a manually-activated version of the PLUM- 
based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear-type 
image formation and detection (IFD) module having a linear image detection array with 
verticaUy-elongated image detection elements and fixed focal length/fixed focal distance image 
formation optics, (ii) a manually-achiated trigger switch for manuaUy activating the planar laser 
iUumination array (driven by a set of VLD driver circuits), the linear-type image formation and 
detection (IFD) module, the image frame grabber, the image data buffer, and the image 
processing computer, via the camera conb-ol computer, in response to the manual activation of 
the bigger, switch, and capturing images of objects (i.e. bearing bar code symbols and other 
graphical indicia) through the fixed focal length/fixed focal distance image formation optics, 
and (iu) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using tiie PUIM-based hand-supportable imager; 

Fig. 40A2 is a block schematic diagram of an automatically-activated version of the 
PLHM-based hand-supportable linear imager of Fig. 39A, shown configured wiA (i) a linear- 
type image formation and detection (IFD) module having a linear image detection array with 
vertically-elongated image detection elements and fixed focal length/fixed focal distance image 
formation optics, (ii) an IR-based object detection subsystem within its hand-supportable 
housing for automatically activating in response to the detection of an object in its IR-based 
object detection field, the planar laser illumination arrays (driven by a set of VLD driver 
circuits), the linear-type image formation and detection (IFD) module, as weU as the image 
hrame grabber, the image data buffer, and the image processing computer, via the camera 
control computer, (ii) a manually-activatable switch for enabling transmission of symbol 
character data to a host computer system in response to the decoding a bar code symbol within 
a caphired image frame, and (iii) a LCD display panel and a data entry keypad for supporting 
diverse types of transactions using the PLUM-based hand-supportable imager; 
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Fig. 40A3 is a block schematic diagram of an automaticaUy-activated version of the 
PLIIM-based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear- 
type image formation and detection (IFD) module having a linear image detection array with 
verticaUy-elongated image detection elements and fixed focal length/fixed focal distance image 
formation optics, (ii) a laser-based object detection subsystem within its hand-supportable 
housing for automatically activating the planar laser iUumination arrays into a full-power mode 
of operation, the linear-type image formation and detection (IFD) module, the image frame 
grabber, the image data buffer, and the image processing computer, via the camera control 
computer, in response to the automatic detection of an object in its laser-based object detection 
field, (iu) a manually-activatable switch for enabling transmission of symbol character data to a 
host computer system upon decoding a bar code symbol within a captured image fi-ame, and 
(iv) a LCD display panel and a data entry keypad for supporting diverse types of transactions 
using the PLIIM-based hand-supportable imager; 

Fig. 4pA4 is a block schematic diagram of an automatically-activated version of the 
PLIIM-based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear- 
lype image formation and detection (IFD) module having linear image detection array vnSti 
verticaUy-elongated imdge detection elements and fixed focal length/fixed focal distance image 
formation optics, (ii) an ambient-light driven object detection subsystem within its hand- 
supportable housing for automatically activating the planar laser illumination arrays (driven by 
a set of VLD driver circuits), the linear-type image formation and detection (IFD) module, the 
image firame grabber, the image data buffer, and the image processing computer, via the camera 
control computer, in response to the automatic detection of an object via ambient-Ught detected 
by object detection field enabled by the CCD image sensor within the IFD module, (iii) a 
manually-activatable switch for enabling transmission of symbol character data to a host 
computer system upon decoding a bar code symbol within a captured image frame, and (iv) a 
LCD display panel and a data entry keypad for supporting diverse types of transactions using 
the PUIM-based hand-supportable imager; 

Fig. 40A5 is a block schematic diagram of an automaticaUy-activated version of the 
PLIIM-based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear- 
type image formation and detection (IFD) module having a Unear image detection array with 
verticaUy-elongated image detection elements and fixed focal length/fixed focal distance image 
ormation optics, (ii) an automatic bar code symbol detection subsystem within its hand- 
supportable housing for automaticaUy activating the image processing computer for decode- 
processing in response to the automatic detection of an bar code symbol within its bar code 
symbol detection field enabled by the CCD image sensor within the IFD module, (iii) a 
tnanuaUy-activatable switch for enabUng transmission of symbol character data te a host 
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computer system upon decoding a bar code symbol within a captured image frame, and (iv) a 
LCD display panel and a data entry keypad for supporting diverse types of transactions using 
the PUIM-based hand-supportable imager; 

Fig. 40B1 is a block schematic diagram of a manually-activated version of the PUIM- 
based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear-type 
image formaHon and detection (IFD) module having a linear image detection array with 
vertically-elongated image detection elements and fixed focal length/variable focal distance 
.mage formation optics, (ii) a manually-actuated trigger switch for manually activating the 
planar laser iUumination array (driven by a set of VLD driver circuits), the linear-type image 
formation and detection (IFD) module, the image frame grabber, the image data buffer, and the 
image processing computer, via the camera control computer, in response to the manual 
achvation of the higger switch, and capturing images of objects (i.e. bearing bar code symbols 
and other graphical indicia) through the fixed focal length/fixed focal distance image formation 
optics, and (iii) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the FLIIM-based hand-supportable imager; 

Fig. 40B2 is a block schematic diagram of an automatically-activated version of the 
LOM-based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear- 
is image formation and detection (IFD) module having a linear image detection array with 
'ertically-elongated image detection elements and fixed focal length/variable focal distance 
mage formation optics, (u) an IR-based object defection subsystem within its hand-supportable 
tousing for automatically activating in response to the detection of an object in its IR-based 
object detection field, the planar laser illumination array (driven by a set of VLD driver circuits), 
he linear-type image formation and detection (IFD) module, as well as the image frame 
;rabber, the image data buffer, and the image processing computer, via the camera control 
omputer, (iu) a manually-activatable switch for enabling transmission of symbol character data 
o a host computer system in response decoding a bar code symbol within a captured image 
rame, and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 
ansactions using the PLIIM-based hand-supportable imager; 

Fig. 40B3 is a block schematic diagram of an automaticaUy-activated version of the 
UIM-based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear- 
rpe image formation and detection (IFD) module having a linear image detection array with 
ertically-elongated image detection elements and fixed focal length/variable focal distance 
mage formation optics, (ii) a laser-based object detection subsystem within its hand- 
upportable housing for automatically activating the planar laser illumination array into a hill- 
ower mode of operation, the linear-type image formation and detection (IFD) module the 
".ge frame grabber, the image data buffer, and Ae unage processing computer, via the camen, 
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control computer, in response to the automatic detection of an object in its laser-based object 
detection field, (ui) a manually-activatabie switch for enabling transmission of symbol character 
data to a host computer system in response to decoding a bar code symbol within a captured 
image frame, and (iv) a LCD display panel and a data entry keypad for supporting diverse 
types of transactions using the PLUM-based hand-supportable imager; 

Fig. 40B4 is a block schematic diagram of an automatically-activated version of the 
•LDM-based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear- 
type image formation and detection (IFD) module having a linear image detection array with 
vertically-elongated image detection elements and fixed focal length/variable focal distance 
miage formation optics, (ii) an ambient-Ught driven object detection subsystem within its hand- 
supportable housing for automaticaUy activating the planar laser illumination array (driven by 
a set of VLD driver circuits), the linear-type image formation and detection (IFD) module the 
.mage frame grabber, the image data buffer, and the image processing computer, via the camera 
control computer, in response to the automatic detection of an object via ambient-light detected 
by object detection field enabled by the CCD image sensor within the IFD module, and (iu) a 
manuaUy-activatable switch for enabling tertsmission of symbol character data to a host 
computer system in response to decoding a bar code symbol ivithin a captured image frame; 

Fig. 40B5 is a block schematic diagram of an automatically-activated version of the 
PLUM-based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear- 
type image formation and detection (IFD) module having a linear image detection array with 
verticaUy-elongated image detection elements and fixed focal length/variable focal distance 
unage formation optics, (ii) an automatic bar code symbol detection subsystem within its hand- 
supportable housing for automatically activating the image processing computer for decode 
processing in response to the automatic detection of an bar code symbol within its bar code 
symbol detection field enabled by the CCD image sensor within the IFD module (iii) a 
manually-activatabie switch for enabling transmission of symbol character data to'a host 
computer system in response to the decoding a bar code symbol within a caphxred image 
frame, and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the PLDM-based hand-supportable imager; 

Fig. 40C1 is a block schematic diagram of a manually-activated version of tiie PLIIM- 
based hand-supportable liriear imager of Fig. 39A, shown configured with (i) a linear-type 
mnage formation and detection (IFD) module having a linear image detection array with 
vertically-elongated image detection elements and variable focal length/variable focal distance 
image formation optics, (ii) a manually-achiated trigger switch for manually activating the 
planar laser iUumination array (driven by a set of VLD driver circuits), the linear-type imaee 
fonnation and detection (IFD) module, the image frame grabber, the image data buffer, and the 
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image processing computer, via the camera control computer, in response to the manual 
activation of the trigger switch, and capturing images of objects (i.e. bearing bar code symbok 
and other graphical indida) throug^i the fixed focal length/fixed focal distance image formation 
optics, and (iii) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the PlUM-based hand-supportable imager; 

Fig. 40C2 is a block schematic diagram of an automatically-activated version of the 
PUIM-based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear- 
type image formation and detection (IFD) module having a linear image detection array with 
verticaUy-elongated image detection elements and variable focal length/variable focal distance 
image formation optics, (ii) an IR-based object detection subsystem within its hand-supportable 
housing for automatically activating upon detection of an object in its IR-based object detection 
field, the planar laser illumination array (driven by a set of VLD driver circuits), the linear-type 
image formation and detection (IFD) module, as weU as tixe image frame grabber, the image 
data buffer, and the image processing computer, via ttie camera control computer, (ii) a 
manually-activatable switch for enabling ti-ansmission of symbol character data to a host 
computer system in response to decoding a bar code symbol within a captiired image frame, 
and (ui) a LCD display panel and a data enfay keypad for supporting diverse types of 
transactions using tiie PUIM-based hand-supportable imager; 

Fig. 40C3 is a block schematic diagram of an automatically-activated version of the 
PLIIM-based hand-supportable Unear imager of Fig. 39A, shown configured witii (i) ^linear- 
type image formation and detection (IFD) module having a linear image detection array with 
verticaUy-elongated image detection elements and variable focal length/variable focal distance 
image formation optics, (ii) a laser-based object detection Subsystem within its hand- 
supportable housing for automatically activating tiie planar laser Ulumination array into a full- 
power mode of operation, the linear-type image formation and detection (IFD) module, the 
image frame grabber, the image data buffer, and the image processing computer, via tiie camera 
control computer, in response to tite automatic detection of an object in its laser-based object 
detection field, (iii) a manuaUy-activatable switch for enabling transmission of symbol character 
data to a host computer system upon decoding a bar code symbol within a caphired image 
frame, and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using tite PUIM-based hand-supportable imager; 

Fig. 40C4 is a block schematic diagram of an automaticaUy-activated version of the 
'LIIM-based hand-supportable linear imager of Fig. 39A, shown configured witii (i) a linear- 
type image formation and detection (IFD) module having a linear image detection array witii 
verticaUy-elongated image detection elements and variable focal lengtii/variable focal distance 
image formation optics, (ii) an ambient-Ught driven object detection subsystem ivilhin its hand- 
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supportable housing for automaticaUy activating the planar laser iUumination array (driven by 
a set of VLD driver circuits), the linear-type image formation and detection (IFD) module the 
image frame grabber, the image data buffer, and the image processing computer, via the camera 
control computer, in response to the automatic detection of an object via ambient-Ught detected 
by object detection field enabled by the CCD image sensor within the IFD module (iii) a 
manuaUy-activatable switch for enabling transmission of symbol character data to 'a host 
computer system in response to the decoding a bar code symbol within a caphired image 
frame, and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the PLUM-based hand-supportable imager; 

Fig. 40C5 is a block schematic diagram of an automaticaUy-activated version of the 
LUM-based hand-supportable linear imager of Fig. 39A, shown configured with (i) a linear- 
type image formation and detection (IFD) module having a linear image detection array with 
vertically-elongated image detection elements and variable focal length/ variable focal distance 
.mage formation optics, (u) an automatic bar code symbol detection subsystem within its hand- 
supportable housing for automatically activating the image processing computer for decode- 
^rocessing in response to the automatic detection of an bar code symbol within its bar code 
symbol detection field enabled by the CCD image sensor within the IFD module (iii) a 
•manuaUy-activatable switch for enabling transmission of symbol character data to a host 
:omputer system in response to decoding a bar code symbol within a captured image frame 
nd (iv) a ICD display pai^l and a data enhry keypad for supporting diverse types of 
•ansactions using the PLIIM-based hand-supportable imager; 

Fig. 41A is a perspective view of a second iUusti-ative embodiment of the FUIM-based 
td-supportable linear imager of the present invention which contains within its housing, (1) a 
•UIM-based image capUire and processing engine comprising a dual-VLD PLIA and a linear 
:CD image detection array with vertically-elongated image detection elements configured 
athm an optical assembly which employs an acousto-optical Bragg-cell panel and a cylindrical 
lens array to provide a despeckling mechanism which operates in accordance with the first 
generalized method of speckle-pattern noise reduction iUustrated in Figs. 1I6A and IKB; 

Fig. 41B is an exploded perspective view of the PLIIM-based image caphire and 
processing engine employed in the hand-supportable imager of Fig. 41A, showing its PUAs 
FD (,.e. camera subsystem) and associated optical components mounted on an optical-' 
ench/multi-layer PC board, for contaimnent between the upper and lower portions of the 
ingine housing; 

Fig. 41C is a plan view of the optical-bench/multi-layer PC board contained within the 
LHM-based image caphure and processing engine of Fig. 41B, showing the field of view of the 
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IFD module in a spa«al.y^verlappi„g relation wiA «,pec to U« PUBs ge^rated by 

PLIAs employed therein; ^ 

^'8«°'=^^'»'>'«lfi^"tviewof«„PUIM4»«dim,gecapfc«,™lp™^ 
engme of Kg. 41B, showing the PUAs mounted on opposite Mes of its IFD module- 

F,g. 42A is a perspective view of a third iUnstrative embodiment of the'puiM-based 
hand-supportable linear imager of the p,«en. invention which contains its housing, („ a 
PLDM-based m«ge capture and processing engine comprising a dual-VLD PUA and a linear 
CCD unage detection array having vertically^longated image detection elements configured 
w.thm an opHcal assembly which provides a despeckltog mechanism that opera^ta 
accordan^ wth the firs. gene«li«d met.™, of speckle-paHen. noise reduction iUustrat^l i„ 
F.^. USA and IIISD, (2) a EO, display panel for displaying images captured by said engine 
and mformation provided by a host computer system or ofl»r infonnation supplying de^ 
and (3) a manual data entry keypad for manuaUy entering data into the imager during diverse 
types of information-related transactions supported by the PUlM-based hand-supportable 
imager; 

Hg, «BJ, «, «ploded per8p«*,e view of the PLHM-based image capture and 
engine employed in the hand-supporuble imager of Hg. 42A. showing its PUAs 
ffD camera) subsystem and associated optical components mounted on an opticaj- 
bench/multi-layer PC board, for containment between the upper and lower portions of the 
engine housing; 

, n» K * " ™" opHcal-bench/mulB-layer PC board contained wittm the 
mM-based unage capture and pr«»ssi„g engine of Fig 42B, showing the field of view of ti» 
IFD module in a spatiaUy-overlapping (i.e. coplanar) relation witt, respect to the PUBs 
generated by the PUAs employed therein; 

fc„ • 7^ T ^'-'^-'^ taage capture and p««essi«g 

»gme„fF.g.42B,showing,hePUAsmounted„noppositesidesofitslFDmodule 

I is a perspective view of. fourU> illustrative embodiment of the PUIM-based 

^pportable linear hnager of the present invention which contains within i^ housing a) a 
Wmi-based m«ge caph™ and processing engine comprising a dual-VLD PUA and a linear 
CCD m«se d^ecSon array having vertically-elongatrf image detection elements configured 
mUun an optical assembly which employs high-resolution defonnable mirror (DM) structi™ 
and a cylmdrical lens array to provide a despeckling mechanism that operates in accordance 
W.U. a» first generalized meU,od of speckie-pattem noise reduction Ulustiated in Figs 117A 
through .I7C (2, a LCD display panel for displaying images captured by said e.^ and 
u^rmation pnMded by a host computer system or other information supplying device, and p, 
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a manual data entry keypad for manuaUy entering data into the imager during diverse types of 
mformation-related transactions supported by the PLUM-based hand-supportable imager; 

Fig. 43B is an exploded perspective view of the PLIIM-based image capture and 
processing engine employed in the hand-supportable imager of Fig. 43A, showing its PLIAs 
IFD (i.e. camera) subsystem and associated optical components mounted on an optical- 
bench/multi-layer PC board, for containment between the upper and lower portions of the 
engine housing; 

Fig. 43C is a plan view of the optical-bench/multi-layer PC board contained within the 
MM-based image capture and processing engine of Fig. 43B, showing the field of view of the 
IFD module in a spatially-overlapping relation with respect to the PUBs generated by the 
PLIAs employed therein; 

Fig. 43D is an elevated front view of the PLUM-based image caph^re and processing 
engme of Fig. 43B, showing the PLIAs mounted on opposite sides of its IFD module; 

Fig. 44A is a perspective view of a fifth illustrative embodiment of the PLEM-based 
hand-supportable linear imager of the present invention which contains within its housing (1) a 
PLnM4«sed image capture and processing engine comprising a dual-VLD PUA and a linear 
CCD unage detection array having verticaUy-elongated image detection elements configured 
mthxn an optical assembly that employs a high-resolution phase-only LCD-based phase 
modulation panel and cylindrical lens array to provide a despeckling mechanism that operates 
m accordance with the first generalized method of speckle-pattern r>oise reduction illustrated in 
F.gs. 1I8F and 1I8F, (2) a display panel for displaying images captured by said engine and 
mformation provided by a host computer system or other information supplying device, and (3) 
a manual data entry keypad for manuaUy entering data into the imager during diverse types of 
mformation-related ti-ansactions supported by the PLUM-based hand-supportable imager; 

tFig. 44B is an exploded perspective view of the PLUM-based image capture and 
cessing engine employed in the hand-supportable imager of Fig. 44A, showing its PLIAs 
(i.e. camera) subsystem and associated optical components mounted on an optical- 
bench/multi-layer PC board, for containment between the upper and lower portions of the 
engine housing; 

Fig. 44C is a plan view of the optical-bench/multi-layer PC board contained witiun the 
PLUM-based image capture and processing engine of Fig. 44B, showing ti.e field of view of the 
IFD module in a spatially-overlapping relation witit respect to the PUBs generated by the 
PLIAs employed therein; 

Fig. 45A is a perspective view of a sixth Ulustrative embodiment of the PLUM-based 
hand-supportable linear imager of the present invention which contains witiun its housing, (1) a 
PLUM-based muige capture and processing engine comprising a dual-VLD PUA and a linear 
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CCD ,mage detecHon array having verScaUy^longaled taage detection elements configured 
wrthm an optical assembly that employs a rotating multi-faceted cylindrical lens array structure 
and cylindrical lens array to provide a despedding mech«usm that operates in a«o.dance with 
tmB^r^^ ^peckle-pattem noise reduction iUustrated in Figs. m2A and 

11128 (2) a LCD d^lay panel for displaying images captured by said engine and informaHon 
provded by a host computer system or other informaHon supplying device, and (3) a n,anual 
date entry keypad for manually entering data info the imager during diverse types o, 
mfonnation-related transactions supported by the PUIM-based hand-supportable imager 

Fig. 45B is an exploded perspective view of the PUIM-based image capture and 
precising engl« employed in the hand-supporuble imager of Fig. 45A, showing its PUAs 
n=D (,.e. camera) subsystem and associated opHcal components mounted on an opHcal- 
bench/mula-layer PC boand, for conteinment between .he upper and lower porHons of the 
engine housing; 

t., " ' ™" °' ^ °P«=»'-^/n'"l''-layer PC board contained within the 

MM-based m«ge caphir* ,„d processing engine of Fig. 45B, showing the field of view of the 
ffD module in a spaUaHy^verlapping retation. with respect* the PUBs generated by the 
PUAs employed therein; 

"S-^A is a perspective view of a seventh illustrative embodiment of the PUIM-based 
hand-supportable linear imager of the present invention wWch contains within its housing, (1) a 

Wmi-l^ '»-8e«P>"« and pn^cessing engine comprising a dual-VLDPUA and a linear 
CCD .mage detection array having vertically-elongated image detecHon elements configured 
mthrn an opHcal assembly that employs a high-speed temporal intensity moduUHon panel (i e 
aptrcal shutter) fo p„,vide a despedding med«nism that operates in accordance with the 

HUB (2) a LCD display pa™l for displaying images capHired by said engine and informaHon 
prided by a host computer system or other informaHon supplying device, and (3) a manual 
date entry keypad for manually entering data info the imager during diverse types of 
infonnabon-relatedtransactionssupported by the PUIM-based hand-supportable imager; 

F.g. 46B is an exploded perspective view of the PUIM-based image capture and 
P^cessing engine employed in the hand-supportable imager of Fig. 46A, showing its PUAs 
ffD («. camera) sub^tem and associated opHcal components mounted on an optidi 
bendi/mulH-layer PC bo^d, for conteinment between the upper and lower porti«B of ^ 
engine housing; 

IP, ™ r*.*^ ' °' °P«"'-'^"*/""J«-'ay« PC board contained within the 

PUIMWI m,age capfore and processing engine of Fig. 46B, showing the field of view of the 
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IFD module in a spatially-overlapping relation with respect to the PLIBs generated by the 
PLIAs employed therein; 

Fig. 47A is a perspective view of an eighth illustrative embodiment of the PUIM-based 
hand-supportable linear imager of the present invention which contains within its housing, (l) a 
PUIM-based image capture and processing engine comprising a dual-VLD PUA and a linear 
CCD image detection array having vertically-elongated image detection elements configured 
withm an optical assembly that employs visible mode-locked laser diode (MLLDs) and 
cylindrical lens array to provide a despeckling mechanism that operates in accordance with the 
second generalized method of speckle-pattem noise reduction iUustrated in Figs. 1I15C and 
1I15D, (2) a LCD display panel for displaying images captured by said engine and information 
provided by a host computer system or other information supplying device, and (3) a manual 
data entry keypad for manually entering data into the imager during diverse types of 
mformation-related transactions supported by the PUIM-based hand-supportable imager; 

Fig. 47B is an exploded perspective view of the PUIM-based image capuire and 
processing engine employed in the hand-supportable imager of Fig. 47A, showing its PUAs 
- IFD (Le. camera) subsystem and associated optical components mounted on an optical- 
bench/multi-layer PC board, for containment between the upper and lower portions of the 
engine housing; 

Fig. 47C is a plan view of the optical-bench/multi-layer PC board contained within the 
PUIM-based image capture and processing engine of Fig. 47B, showing the field of view of the 
IFD module in a spatially-overlapping relation with respect to the PUBs generated by the 
PUAs employed therein; 

Fig. 48A is a perspective view of a ninth illustrative embodiment of the PUIM-based 
hand-supportable linear imager of the present invention which contains within its housing, (1) a 
PUIM-based image capture and processing engine comprising a dual-VLD PUA and a linear 
CCD image detection array having vertically-elongated image detection elements configured 
withm an optical assembly that employs an optically-reflective temporal phase modulating 
structure (e.g. extra-cavity Fabry-Perot etalon) and cylindrical lens array to provide a 
despeckling mechanism that operates in accordance with the third generalized method of 
speckle-pattem noise reduction illustrated in Figs. 1I17A and 1I17B, (2) a LCD display panel for 
displaying images captured by said engine and information provided by a host computer 
system or other information supplying device, and (3) a manual data entry keypad for manually 
entermg data into the imager during diverse types of information-related transactions 
supported by the PUIM-based hand-supportable imager; 

Fig. 48B is an exploded perspective view of the PUIM-based image caphire and 
processing engine employed in the hand-supportable imager of Fig. 48A, showing its PUAs, 
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IFD (i.e. camera) subsystem and associated optical components moxmted on an opHcaJ- 
bench/mulH-layer PC board, for contaimnent between the upper and lower portions of the 
engine housing; 

Fig. 48C is a plan view of the optical-bench/multi-layer PC board contained within the 
'UIM-based image capture and processing engine of Fig. 49B, showing the field of view of the 
IFD module in a spatially-overlapping relation with respect to the PUBs generated by the 
PLIAs employed therein; 

Fig. 49A is a perspective view of a tenth illustrative embodiment of the PLIIM-based 
hand-supportable linear imager of the present invention which contains within its housing, (1) a 
PLUM-based image capture and processing engine comprising a dual-VLD PLL\ and a linear 
CCD image detection array having vertically-elongated image detection elements configuml 
within an optical assembly that employs a pair of reciprocating spatial intensity modulation 
panels and cylindrical lens array to provide a despeckling mechanism that operates in 
accordance with the fifth method generalized method of speckle-pattern noise reduction 
illustrated in Figs. 1I21A and 1I21D, (2) a LCD display panel for displaying images captured by 
said engine and information provided by a host computer system or other information- 
supplying device, and (3) a manual data entry keypad for manually entering data into the 
imager during diverse types of information-related transactions supported by the PLIIM-based 
hand-supportable imager; 

Fig. 49B is an exploded perspective, view of the PLIIM-based image capture and 
processing engine employed in the hand-supportable imager of Fig. 49A, showing its PUAs 
IFD (i.e. camera) subsystem and associated optical components mounted on an optical-' 
bench/mulH-layer PC board, for contaimnent between the upper and lower portions of the 

engine housing; 

Fig. 49C is a plan view of the optical-bench/multi-layer PC board contained within the 
UIM-based image caphu-e and processing engine of Fig. 49B, showing the field of view of the 
IFD module in a spatially-overlapping relation with respect to the PUBs generated by the 
•^UAs employed therein; 

Fig. 50A is a perspective view of an eleventh illustrative embodiment of the PLUM- 
based hand-supportable linear imager of the present invention which contains within its 
housing, (1) a PLUM-based image capture and processing engine comprising a dual-VLD PUA 
and a linear CCD image detection array having vertically-elongated image detection elements 
configured within an optical assembly that employs spatial intensity modulation aperture 
which provides a despeckling mechanism that operates in accordance with the sixth 
generalized method of speckle-pattern noise reduction illustrated in Figs. 1I22A and 1I22B, (2) a 
LTD display panel for displaying images captured by said engine and information provided by 
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a host computer system or other information supplying device, and (3) a manual data entry 
keypad for manually entering data into the imager during diverse types of information-related 
transactions supported by the PLUM-based hand-supportable imager; 

Fig. SOB is an exploded perspective vievy of the PUIM-based image capture and 
processing engine employed in the hand-supportable imager of Fig. 50A, showing its PUAs 
IFD module (i.e. camera) subsystem and associated optical components mounted on an optical- 
bench/multi-layer PC board, for contaimnent between the upper and lower portions of the 
engine housing; 

Fig. 50C is a plan view of the optical-bench/multi-layer PC board contained within the 
PUIM-based image caphure and processing engine of Fig. SOB, showing the field of view of the 
IFD module in a spatially-overlapping relation with respect to the PUBs generated by the 
PUAs employed therein; 

Fig. 51A is a perspective view of a twelfth illustrative embodiment of the PUIM-based 
hand-supportable linear imager of the present invention which contains within its housing, (1) a 
PUIM-based image capture and processing engine comprising a dual-VLD PUA and a linear 
CCD image detection array having vertically-elongated image detection elements configured 
withm an optical assembly that employs a temporal intensity modulation aperture which 
provides a despeckling mechanism that operates in accordance with the seventh generalized 
method of speckle-pattern noise reduction iUustrated in Fig. 1I24C, (2) a LCD display panel for 
displaying images captured by said engine and information provided by a host computer 
system or other information supplying device, and (3) a manual data entry keypad for manually 
entering data into the imager during diverse types of information-related transactions 
supported by the PUIM-based hand-supportable imager; 

Fig. 51B is an exploded perspective view of the PUIM-based image capture and 
processing engine employed in the hand-supportable imager of Fig. 51A, showing its PLIAs 
IFD (i.e. camera) subsystem and associated optical components mounted on an optical- 
bench/multi-layer PC board, for contaimnent between the upper and lower portions of the 
engine housing; 

Fig. 51C is a plan view of the optical-bench/multi-layer PC board contained within the 
IflM-based image capture and processing engine of Fig. 51B, showing the field of view of the 
IFD module in a spatially-overlapping relation with respect to the PUBs generated by the 
"LIAs employed therein; 

Fig. 52A is a perspective view of a first illustrative embodiment of the PLHM-based 
hand-supportable area-type imager of the present invention which contains within its housing 
(1) a PUIM-based image capture and processing engine comprising a dual-VLD PLIA, and a 
CCD 2-D (area-type) image detection array configured within an optical assembly that employs 
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a micro-oscillating cylindrical lens array which provides a despeckling mechanism that 
operates in accordance with the first generalized method of speckle-pattern noise reduction 
Illustrated in Figs. 1I3A through 1I3D, and which also has integrated with its housing, (2) a LCD 
display panel for displaying images captured by said engine and information provided by a 
■host computer system or other information supplying device, and (3) a manual data entry 
keypad for manually entering data into the imager during diverse types of information-related 
transactions supported by the PUM-based hand-supportable imager; 

Fig. 52B is an exploded perspective view of the PUIM-based image capture and 
processing engine employed in the hand-supportable imager of Fig. 52A, showing its PUAs 
IFD module (i.e. camera subsystem) and associated optical components mounted on an optical- 
bench/multi-layer PC board, for containment between the upper and lower portions of the 
engine housing; 

Fig. 53A1 is a block schematic diagram of a manually-activated version of the PLIIM- 
based hand-supportable area imager of Fig. 52A, shown configured with (i) an area-type image 
formation and detection (IFD) module having a fixed focal length/fixed focal distance image 
Urination optics, (ii) a manually-actuated trigger switch for manually activating the planar laser 
lamination array (driven by a set of VLD driver circuits), the area-type image formation and 
ietechon aFD) module, the image fi:ame grabber, the image data buffer, and the image 
processing computer, via the camera control computer, in response to the manual activation of 
- trigger switch, and capturing images of objects (i.e. bearing bar code symbols and other 
raphical indicia) through the fixed focal length/fixed focal distance image formation optics 
Id (iii) a LCD display panel and a data enhy keypad for supporting diverse types of 
ransactions using tfie PLIIM-based hand-supportable imager; 

Fig. 53A2 is a block schematic diagram of an automatically-activated version of the 
LDM-based hand-supportable area imager of Fig. 52A, shown configured with (i) an area-type 
>.age formation and detection (IFD) module having a fixed focal length/fixed focal distance 
nge formation optics, (ii) an IR-based object detection subsystem within its hand-supportable 
iousing for automaticaUy activating in response to the detection of an object in its IR-based 
.bject detection field, the planar laser illumination arrays (driven by a set of VLD driver 
^-cuits), the area-type image formation and detection (IFD) module, as weU as the image frame 
■abber, the image data buffer, and the image processing computer, via the camera control 
:omputer, (ii) a manually-activatable switch for enabling transmission of symbol character data 
to a host computer system in response to the decoding of a bar code symbol within a caphiied 
image frame, and (ui) a LCD display panel and a data entry keypad for supporting diverse 
--^es of b:ansactions using the PLIIM-based hand-supportable imager; 
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bT TTM K f . " ' °' automatically-activated version of the 

PLIIM-based hand-supportable area imager of Fig. 52A, shown configured with (i) an area-type 
image formation and detection (IFD) module having a fixed focal length/fixed focal distar« 
image formation optics, (ii) a laser-based object detection subsystem within its hand- 
supportable housing for automaticaUy activating the planar laser Ulumination arrays into a hill- 
power mode of operation, the area-type image formation and detection (IFD) module the 
image frame grabber, ti^e image data buffer, and the image processing computer, via the camera 
control computer, in response to the automatic detection of an object in its laser-based object 
detection field, (iii) a manuaUy-activatable switch for enabling transmission of symbol character 
data to a host computer system in response to the decoding of a bar code symbol within a 
capti^ed image frame; and (iv) a LCD display panel and a data entry keypad for supporting 
diverse types of transactions using the PUIM-based hand-supportable imager; 

Fig. 53A4 is a block schematic diagram of an automatically-activated version of the 
'LDM-based hand-supportable area imager of Fig. 52A, shown configured with (i) an area-type 
image formation and dete^on (IFD) module having a fixed focal length/fixed focal distance 
unage formation optics, (U) an ambient-light driv^ object detection subsystem within its hand- 
supportable housing for automaticaUy activating the planar laser illumination arrays (driven bv 
a set of VLD driver circuits), the area-type image formation and detection (IFD) module ti^ 
unage frame grabber, the image data buffer, and the image processing computer, via ti.e camera 
bontrol computer, in response to the automatic detection of an object via ambient-light detected 
.y object detection field enabled by the CCD image sensor witinn the IFD module (iii) a 
oanuaUy-activatable switch for enabling transmission of symbol character data to'a host 
computer system in response to the decoding of a bar code symbol within a caphired image 
tame, and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 
•ansactions using the PLHM-based hand-supportable imager; 

Fig. 53A5 is a block schematic diagram of an automaticaUy-activated version of the 
UIM-based hand-supportable area imager of Fig. 52A, shown configured with (i) an aiea-type 
>mage formation and detection (IFD) module having a fixed focal length/fixed focal distance 
mage formation optics, (ii) an automatic bar code symbol detection subsystem within its hand- 
supportable housing for automaticaUy activating tixe image processing computer for decode- 
processing upon automatic detection of an bar code symbol within its bar code symbol 
detection field enabled by the CCD image sensor witiun the IFD module, (iii) a manuaUy- 
activatable switch for enabling transmission of symbol character data to a host computer systl 
upon decoding a bar code symbol within a captiired image frame, and (iv) a LCD display panel 
and a data entiy keypad for supporting diverse types of transactions using the PLIIM-based 
land-supportable imager; 
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Fig. 53B4 is a block schematic diagram of an automaticaUy-activated version of the 
PLIIM-based hand-supportable area imager of Fig. 52A, shown configured with (i) an area-type 
image formation and detection (IFD) module having a Hxed focal length/variable focal distant 
unage formation optics, (ii) an ambient-light driven object detection subsystem within its hand- 
supportable housing for automatically activating the planar laser illumination array (driven bv 
a set of VLD driver circuits), the area-type image formation and detection (IFD) module the 
unage frame grabber, the image data buffer, and the image processing computer, via the camera 
control computer, in response to the automatic detection of an object via ambient-Ught detected 
.y object detection field enabled by the CCD image sensor within the IFD module, and (iii) a 
manually-activatable switch for enabling transmission of symbol character data to a host 
computer system in response to the decoding of a bar code symbol within a caph:red image 
frame; ^ 

Fig. 53B5 is a block schematic diagram of an automatically-activated version of the 
PUIM-based hand-supportable area imager of Fig. 52A, shown configured with (i) an area-type 
rniage formation and detection (IFD) module having a fixed focal length/variable focal distance 
«nage formation optics, (ii) an automatic bar a>de symbol detecti<« subsystem within its hand- 
supportable housing for automatically activating the planar laser illumination arrays (driven by 
a set of VLD driver circuits), the area-type image formation and detection (IFD) module the 
image frame grabber, the image data buffer, and ti^e image processing computer for decode- 
^rocessing in response to the automatic detection of an bar code symbol within its bar code 
symbol detection field enabled by the CCD image sensor witiun the IFD module (iii) a 
nanually-activatable switch for enabling transmission of symbol character data to'a host 
computer system in response to the decoding of a bar code symbol witiun a captiired image 
Tame, and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 
ransactions using the PLIIM-based hand-supportable imager; 

Fig. 53C1 is a block schematic diagram of a manuaUy-activated version of the PLIIM- 
.sed hand-supportable area imager of Fig. 52A, shown configured with (i) an area-type image 
Formation and detection (IFD) module having a variable focal lengtit/variable focal distant 
image formation optics, (ii) a manually-actuated trigger switch for manually activating the 
■>lanar laser illumination array (driven by a set of VLD driver circuits), the area-type image 
.rmation and detection (IFD) module, ti.e image frame grabber, tf.e image data buffer, and the 
mage processing computer, via the camera control computer, in response to tf.e manual 
activation of ti.e trigger switch, and capturing images of objects (i.e. bearing bar code symbols 
«d oti^er graphical indicia) ti^rough the fixed focal lengti./fixed focal distance image formation 
optics, and (iii) a LCD display panel and a data entry keypad for supporting diverse types of 
ransactions using the PLDM-based hand-supportable imager; 
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tPT K fu ' ^^'^'"^ automatically-activated version of the 

PLIIM-based hand-supportable area imager of Fig. 52A, shown configured with (i) a area-type 
.mage formation and detection (IFD) module having a variable focal length/variable foil 
distance image formation optics, (ii) an IR-based object detection subsystem within its hand- 
supportable housing for automatically activating upon detection of an object in its IR-based 
ob,«:t detection field, the planar laser illumination array (driven by a set of VLD driver circuits) 
the area-type image formation and detection (IFD) module, as weU as the image frame grabber' 
the unage data buffer, and the image processing computer, via the camera control computer (ii)' 
a manually-activatable switch for enabling transmission of symbol dtaracter data to a host 
computer system in response to the decoding a bar code symbol within a captured image frame 
and (ui) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using tive PIUM-based hand-supportable imager; 

Fig. 53C3 is a block schematic diagram of an automatically-activated version of tixe 
LIIM-based hand-supportable area imager of Fig. 52A, shown configured with (i) an area-type 
.mage formation and detection (IFD) module having a variable focal length/variable focal 
d«tan« iniage formation optics, (ii) a laser-based object detection subsystem within its hand- 
supportable housing for automaticaUy activating tiae planar laser illumination array into a fuU- 
power mode of operation, the area-type image formation and detection (IFD) module ti.e 
«nage fi:ame grabber, the image data bufier, and fhe image processing computer, via the camera 
conti:ol computer, in response to fhe automatic detection of an object in its laser-based object 
detection field, (iii) a manually-activatable switch for enabling transmission of symbol character 
data to a host computer system in response to the decoding a bar code symbol within a 
captixred image frame, and (iv) a LCD display panel and a data entry keypad for supporting 
diverse types of hransactions using the PLIIM-based hand-supportable imager; 

Fig. 53C4 is a block schematic diagram of an automaticaUy-activated version of the 
•LIIM-based hand-supportable area imager of Fig. 52A system, shown configured with (i) an 
area-type m«ge formation and detection (IFD) module having a variable focal length/variable 
focal distance image formation optics, (ii) an ambient-light driven object detection subsystem 
mtiun its hand-supportable housing for automaticaUy activating the planar laser iUumination 
a^ys (driven by a set of VLD driver circuits), the area-type image formation and detection 
(DFD) module, the image fi:ame grabber, the image data buffer, and the image processing 
computer, via the camera control computer, in response to the automatic detection of an object 
vxa ambient-light detected by object detection field enabled by the CCD image sensor within the 
fTFD module, (iii) a manually-activatable switch for enabling transmission of symbol character 
lata to a host computer system in response to the decoding of a bar code symbol within a 
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captured image frame, ar.d (iv) a LCD display parcel and a data entry keypad for supporting 
diverse types of transactions using the PLIIM-based hand-supportable imager; 

Fig. 53C5 is a block schematic diagram of an automatically-activated version of the 
PLnM-based hand-supportable area imager of Fig. 52A system, shown configured with (i) an 
area-type image formation and detection (IFD) module having a variable focal length/variable 
focal distance image formation optics, (ii) an automatic bar code symbol detection subsystem 
within Its hand-supportable housing for automatically activating the planar laser illumination 
arrays (driven by a set of VLD driver circuits), the area-type image formation and detection 
(IFD) module, the image frame grabber, the image data buffer, and the image processing 
computer for decode-processing in response to the automatic detection of an bar code symbol 
withm its bar code symbol detection field enabled by the CCD image sensor within the IFD 
module, (iii) a manually-activatable switch for enabling transmission of symbol character data 
to a host computer system in response to decoding a bar code symbol within a captured image 
frame, and (iv) a LCD display panel and a data entry keypad for supporting diverse types of 
transactions using the PLIIM-based hand-supportable imager; 

Fig. 54A is a perspective view of a second illustrative embodiment of the PLIIM-based 
hand-supportable area imager of the present invention which contains within its housing (1) a 
PLUM-based image capture and processing engine comprising a dual-VLD PLIA and a area 
CCD image detection array configured within an optical assembly which employs a micro- 
oscillating light reflective element and a cylindrical lens array to provide a despeckling 
mechanism that operates in accordance with the first generalized method of speckle-pattern 
aoise reduction illustrated in Figs. IKA through 1I5D, (2) a LCD display panel for displaying 
unages captured by said engine and information provided by a host computer system or other 
mformation supplying device, and (3) a manual data entry keypad for manuaUy entering data 
mto the imager during diverse types of information-related transactions supported by the 
PlUM-based hand-supportable imager; 

Fig. 54B is an exploded perspective view of the PLIIM-based image capture and 
processing engine employed in the hand-supportable area imager of Fig. 54A, showing its 
PUAs, IFD module (i.e. camera subsystem) and associated optical components mounted on an 
Dptical-bench/mulH-layer PC board, for containment between the upper and lower portions of 
the engine housing; 

Fig. 55A is a perspective view of a third illustrative embodiment of the PLUM-based 
hand-supportable area imager of the present invention which contains within its housing a 
PLIIM-based image capture and processing engine comprising a dual-VLD PLIA and a 2-D 
CCD image detection array configured within an optical assembly that employs an acousto- 
electric Bragg ceU structure and a cylindrical lens array to provide a despeckling mechanism 



-141- 



10 



M 

i if 

in 

Q 

vn 
25 



30 



35 



Attorney Case Nc|^^ huSAOOO 




that operates in accordance with the first generalized method of speckle-pattem noise reduction 
Illustrated in Figs. 1I6A and 1I6B, (2) a LCD display panel for displaying images captured by 
said engine and information provided by a host computer system or other information 
supplying device, and (3) a manual data entry keypad for manually entering data into the 
imager durmg diverse types of information-related transactions supported by the PLUM-based 
hand-supportable imager; 

Fig. 55B is an exploded perspective view of the PLIIM-based image capture and 
processing engine employed in the hand-supportable area imager of Fig. 55A, showing its 
PLIAs, IFD (i.e. camera) subsystem and associated optical components mounted on an optical- 
bench/multi-layer PC board, for contaimnent between the upper and lower portions of the 
engine housing; 

Fig. 56A is a perspective view of a fourth illustrative embodiment of the PLIIM-based 
hand-supportable area imager of the present invention which contains within its housing (1) a 
PLIIM-based image capture and processing engine comprising a dual-VLD PUA and a 2-D 
CCD image detection array configured within an optical assembly that employs a high spatial- 
resoluton piezoelectric driven defbtmable flun»r (DM) structure tod a cylindrical lens array to 
provide a despeckling mechanism that operates in accordance with Ae first generalized method 
of speckle-pattem noise reduction aiustrated in Figs. 1I7A and 1I7C, (2) a LCD display panel for 
displaying images captured by said engine and information provided by a host computer 
system or other information supplying device, and (3) a manual data entry keypad for 
manually entering data into the imager during diverse types of information-related transactions 
supported by the PLIIM-based hand-supportable imager; 

Fig. 56B is an exploded perspective view of the PLIIM-based image capture and 
processing engine employed in the hand-supportable area imager of Fig. 56A, showing its 
PLIAs, (2) IFD (i.e. camera) subsystem and associated optical components mounted on an 
optical-bench/multi-layer PC board, for containment between the upper and lower portions of 
the engine housing; 

Fig. 57A is a perspective view of a fifth illustrative embodiment of the PLIIM-based 
iand-supportable area imager of the present invention which contains within its housing, (1) a 
•LIIM-based image capture and processing engine comprising a dual-VLD PLIA and a 2-D 
:CD image detection array configured within an optical assembly that employs a spatial-only 
.quid crystal display (PO-LCD) type spatial phase modulation panel and cylindrical lens array 
:o provide a despeckling mechanism that operates in accordance with the first generalized 
nethod of speckle-pattem noise reduction iUustrated in Figs. 1I8F and 1I8G, (2) a LCD display 
.anel for displaying images captured by said engine and information provided by a host 
computer system or other infomiation supplying device, and (3) a manual data entry keypad 
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for manually entering data into the imager during diverse types of information-related 
transactions supported by the PLDM-based hand-supportable imager; 

Fig. STB is an exploded perspective view of the PLIIM-based image capture and 
processing engine employed in the hand-supportable area imager of Fig. 57A, showing its 
PLIAs, IFD module (i.e. camera subsystem) and associated optical components mounted on an 
optical-bench/multi-layer PC board, for containment between the upper and lower portions of 
the engine housing; 

Fig. 58A is a perspective view of a sixth iUustrative embodiment of the PLDM-based 
hand-supportable area imager of the present invention which contains within its housing, a 
PUIM-based image capture and processing engine comprising a dual-VLD PLIA and a 2-D 
CCD image detection array configured within an optical assembly that employs a high-speed 
optical shutter and cyUndrical lens array to provide a despeckling mechanism that operates in 
accordance with the second generalized method of speckle-pattern noise reduction illustrated in 
Figs. 1I14A and 1I14B, (2) a LCD display panel for displaying images captured by said engine 
and information provided by a host computer system or other information supplying device, 
and (3) a manual data entry keypad for manuaUy entering data into the imager during diverse 
types of information-related transactions supported by the PLIIM-based hand-supportable 
imager; 

Fig. 583 is an exploded perspective view of the PLIIM-based image capture and 
processing engine employed in the hand-supportable area imager of Fig. 58A, showing its 
PLIAs, IFD (i.e. camera) subsystem and associated optical components mounted on an optical- 
bench/multi-layer PC board, for containment between the upper and lower portions of the 
engine housing; 

Fig. 59A is a perspective view of a seventh iUustrative embodiment of the PUIM-based 
hand-supportable area imager of the present invention which contains within its housing, a 
PLIIM-based image capture and processing engine comprising a dual-VLD PLIA and a 2-D 
CCD image detection array configured within an optical assembly that employs a visible mode 
ocked laser diode (MLLD) and cylindrical lens array to provide a despeckling mechanism that 
operates in accordance with the second generalized method of speckle-pattern noise reduction 
iUustrated in Figs. 1I15A and 1I15B, (2) a LCD display panel for displaying unages capturedby 
said engine and information provided by a host computer system or other information 
supplying device, and (3) a manual data entry keypad for manually entering data into the 
imager during diverse types of information-related transactions supported by the PLIIM-based 
hand-supportable imager; 

Fig. 59B is an exploded perspective view of the PLIIM-based image capture and 
processing engine employed in the hand-supportable area imager of Fig. 58A, showing its 
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PUAs, IFD module (i.e. camera subsystem) ar.d associated optical compoitents mounted on an 
optxcal-bench/multi-layer PC board, for containment between the upper and lower portions of 
the engine housing; 

Fig. 60A is a perspective view of a eighth illustrative embodiment of the PLUM-based 
hand-supportable area imager of the present invention which contains within its housing, (1) a 
PLHM-based image capture and processing engine comprising a dual-VLD PLIA and a 2-D 
CCD image detection array configured within an optical assembly ihat employs an electrically- 
passive optically-reflective external cavity (i.e. etalon) and cylindrical lens array to provide a 
despeckling mechanism that operates in accordance with the third method generalized method 
of speckle-pattem noise reduction iUustrated in Figs. 1I17A and 1I17B, (2) a LCD display panel 
for displaying images captured by said engine and information provided by a host computer 
system or other information supplying device, and (3) a manual data entry keypad for 
manually entering data into the imager during diverse types of information-related transactions 
supported by the PLUM-based hand-supportable imager; 

Fig. 60B is an exploded perspective view of the PLIIM-based image capture and 
processing engine employed in the hand-supporlable imager of Fig. 60A, showing its PLIAs 
IFD module (i.e. camera subsystem) and associated optical components mounted on an optical- 
bench/multi-layer PC board, for contaimnent between the upper and lower portions of the 
engine housing; 

Fig. 61A is a perspective v^w of a ninth illustrative embodiment of the PLUM-based 
land-supportable area imager of the present invention which contains within its housing, (1) a 
iPLHM-based image capture and processing engine comprising a dual-VLD PLIA and a 2-D 
:CD image detection array configured within an optical assembly that employs an mode- 
loppmg VLD drive circuitry and a cylindrical lens array to provide a despeckling mechanism 
hat operates in accordance with the fourth generalized method of speckle-pattem noise 
■eduction illustrated in Figs. 1I19A and 1I19B, (2) a LCD display panel for displaying images 
raptured by said engine and information provided by a host computer system or other 
formation supplying device, and (3) a manual data entry keypad for manually entering data 
ito the imager during diverse types of information-related transactions supported by the 
'LUM-based hand-supportable imager; 

Fig. 61B is an exploded perspective view of the PLUM-based image capture and 
processing engine employed in the hand-supportable area imager of Fig. 61A, showing its 
•LIAS, WD He. camera) subsystem and associated optical components mounted on an optical- 
ench/multi-layer PC board, for containment between the upper and lower portions of the 
ingine housing; 
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Fig. 62A is a perspective view of a tenth iUustrative embodiment of the PLIIM-based 
hand-supportable area imager of the present invention which contains within its housing, (1) a 
PLHM-based image capture and processing engine comprising a dual-VLD PUA and a 2-D 
CCD image detection array configured within an optical assembly that employs a pair of micro- 
oscillating spatial intensity modulation panels and cylindrical lens array to provide a 
despeckling mechanism that operates in accordance with the fifth method generalized method 
of speckle-pattern noise reduction iUustirated in Figs. 1I21A and 1I21D, (2) a LCD display panel 
for displaying images captured by said engine and information provided by a host computer 
system or other information supplying device, and (3) a manual data entry keypad for manually 
entering data into the imager during diverse types of information-related hransactions 
supported by the PUIM-based hand-supportable imager; 

Fig. 62B is an exploded perspective view of the PLIIM-based image capture and 
processing engine employed in the hand-supportable area imager of Fig. 62A, showing its 
PUAs, IFD module (i.e. camera subsystem) and associated optical components mounted on an 
optical-bench/multi-layer PC board, for containment between the upper and lower portions of 
the engine housing; 

Fig. 63A is a perspective view of a deventh iUustrative embodiment of \he PLHM-based 
hand-supportable area imager of the present invention which contains within its housing, (1) a 
PLIIM-based image capture and processing engine comprising a dual-VLD PLIA and a 2-D 
CCD image detection array configured within an optical assembly that employs a electro- 
optical or mechanically rotating aperture (i.e. iris) disposed before the entrance pupil of tiie IFD 
module, to provide a despeckling mechanism that operates in accordance with the sixth metiiod 
generalized method of speckle-pattern noise reduction illustirated in Figs. 1I23A and 1I23B, (2) a 
LCD display panel for displaying images captured by said engine and information provided by 
a host computer system or other information supplying device, and (3) a manual data entry 
keypad for manuaUy entering data into the imager during diverse types of information-related 
transactions supported by tiie PLIIM-based hand-supportable imager; 

Fig. 63B is an exploded perspective view of tiie PLIIM-based image caphu-e and 
processing engine employed in the hand-supportable area imager of Fig. 62A, showing its 
PLIAs, IFD module (i.e. camera subsystem) and associated optical components mounted on an 
optical-bench/multi-layer PC board, for containment between the upper and lower portions of 
the engine housing; 

Fig. 64A is a perspective view of a twelfth illustrative embodiment of the PLIIM-based 
hand-supportable area imager of the present invention which contains within its housing, (1) a 
PLIIM-based image caphu-e and processing engine comprising a dual-VLD PUA and a 2-0 
CCD image detection array configured within an optical assembly that employs a high-speed 
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electro-optical shutter disposed before the entrance pupil of the IFD module, to provide a 
despeckling mechanism that operates in accordance with the seventh generalized method of 
speckle-pattern noise reduction iUustrated in Figs. 1I24A-1I24C, (2) a LCD display panel for 
displaying images caphired by said engine and information provided by a host computer 
system or other information supplying device, and (3) a manual data entry keypad for 
manually entering data into the imager during diverse types of information-related transactions 
supported by the PLIIM-based hand-supportable imagery- 
Fig. 64B is an exploded perspective view of the PLIIM-based image caphire and 
processing engine employed in the hand-supportable area imager of Fig. 64A, showing its 
PLIAs, IFD module (i.e. camera subsystem) and associated optical components mounted on an 
optical-bench/multi-layer PC board, for containment between the upper and lower portions of 
the engine housing; 

Fig. 65A is a perspective view of a first illustrative embodiment of an LED-based PLIM 
for best use in PLIIM-based systems having relatively short working distances (e.g. less than 18 
inches or so), wherein a linear-type LED, an optional focusing lens element and a cylindrical 
lens element are each mounted within compact barrel structure, for the purpose of producing a 
spatially-incoherent planar tight illumination beam (PUB) therefrom; 

Fig. 65B is a schematic presentation of the optical process carried within the LED-based 
PLIM shown in Fig. 65A, wherein (1) the focusing lens focuses a reduced-size image of the Ught 
emitting source of the LED towards tiie farthest working distance in the PLIIM-based system, 
and (2) the Ught rays associated with the reduced-size of the image LED source are transmitted 
through the cylindrical lens element to produce a spatiaUy-incoherent planar Ught iUumination 
Jeam (PUB), as shown in Fig. 65 A; 

Fig. 66A is a perspective view of a second Ulustrative embodiment of an LED-based 
PUM for best use in PUIM-based systems having relatively short working distances, wherein a 
linear-type LED, a focusing lens element, coUimating lens element and a cyUndrical lens 
element are each mounted within compact barrel stincture, for the purpose of producing a 
spatially-incoherent planar Ught Ulumination beam (PUB) therefrom; 

Fig. 66B is a schematic presentation of the optical process carried within the LED-based 
UM shown in Fig. 66A, wherein (1) the focusing lens element focuses a jeduced-size image of 
the Ught emitting source of the LED towards a focal point witiun the barrel strurture, (2) the 
coUimating lens element coUimates the light rays associated with the reduced-size ima^ of the 
Ught emitting source, and (3) the cylindrical lens element diverges (i.e. spreads) tiie coUimated 
Ught beam so as to produce a spatiaUy-incoherent planar Ught illumination beam (PUB), as 
shown in Fig. 66A; 



-146- 



Attorney Case No^k JtUSAOOO 



Fig. 67A is a perspective view of a third illustrafive embodiment of an LED-based PUM 
chip for best use in PLHM-based systems having relatively short working distances, wherein a 
linear-type Ught emitting diode (LED) array, a focusing-type microlens array, collimating type 
microlens array, and a cylindrical-type microlens array are each mounted within the IC package 
of the PUM chip, for the purpose of producing a spatially-incoherent planar light iUumination 
beam (PUB) therefrom; 

Fig. 67B is a schematic presentation of the optical process carried within the LED-based 
PUM shown in Fig. 67A, wherein (1) each focusing lenslet focuses a reduced-size image of a 
Ught emitting source of an LED towards a focal point above the focusing-type microlens array, 
(2) each collimating lenslet collimates the Ught rays associated with the reduced-size image of 
the Ught emitting source, and (3) each cyUndrical lenslet diverges the colUmated Ught beam so 
as to produce a spatially-incoherent planar light illuminaHon beam (PLIB) component, as 
shown in Fig. 66A, which coUectively produce a composite spatiaUy-incoherent PLIB from the 
LED-based PUM; 

Fig. 68A is a schematic block system diagram off the airport security system of the 
present invention shown comprising x-ray baggage, scanners, PLIIM-based passenger and 
Jaggage identificaHon, profUing and fracking subsystems, intemetworked passenger and 
jaggage relational database management subsystems (RDBMS), and automated data processing 
subsystems for operating on coUected passenger and baggage data stored therein, to detecting 
security condition during and after passengers and baggage are checked into an airport; and 

Fig. 68B is a schematic representaHon of an exemplary passenger and baggage database 
record created and maintained by the airport security system shown in Fig. 68A. 



DETAILED DES CRIPTION OP THE ILLUffTR ATTVF 
EMBODIME NTS OP THE PRESENT !NIVRMTTn|4 

Referring to the figures in the accompanying Drawings, the preferred embodiments of 
the Planar Ught Ulumination and (Elecfronic) Imaging (PLIIM) System of the present invention 
will be described in great detail, wherein Uke elements will be indicated using Uke reference 
niunerals. 

Qv^rvigw of the Planar User Illumin ation And Elecfronic Imaging rPLTTM^ Svstom Qf The 
Iresent Invention — * - 



In accordance with the principles of the present invention, an object (e.g. a bar coded 
package, texhial materials, graphical indida, etc.) is illuminated by a substantially planar Ught 
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Illumination beam (PLIB), preferably a planar laser illumination beam, having substantially- 
planar spatial distribution characteristics along a planar direction which passes through the 
field of view (FOV) of an image formation and detection module (e.g. realized within a CCD- 
type digital electronic camera, a 35 mm opHcal-film photographic camera , or on a 
semiconductor chip as shown in Figs. 37 through 38B hereof), along substantially the entire 
working (i.e. object) distance of the camera, while images of the illuminated target object are 
formed and detected by the image formation and detection (i.e. camera) module. 

TWs inventive principle of coplanar Ught iUumination and image formation is embodied 
in two different classes of the PLIIM-based systems, namely: (1) in PUIM systems shown in 
Figs. 1 A, IVl, 2A, 211, 3A, and 3J1, wherein the image formation and detection modules in these 
systems employ linear-type (1-D) image detection arrays; and (2) in PLIIM-based systems 
shown in Figs. 4A, 5A and 6A, wherein the image formation and detection modules in these 
systems employ area-type (2-D) image detection arrays. Such image detection arrays can be 
realized usingCCD, CMOS or other technologies currently known in the art or to be developed 
in the distance future. Among these iUustrative systems, those shown in Figs. lA, 2A and 3A 
each produce a planar laser illumination beam that is neither scanned nor deflected relative to 
the system housing during planar laser illumination and image detection operations and thus 
can be said to use "stationary" planar laser illumination beams to read relatively moving bar 
code symbol shiictures and other graphical indicia. Those systems shown in Figs. IVl, 211, 3J1, 
4A, 5A and 6A, each produce a planar laser illumination beam that is scanned (i.e. defleded) 
relative to the system housing during planar laser iUumination and image detection operations 
and thus can be said to use "moving" planar laser illumination beams to read relatively 
stationary bar code symbol stiiictures and other graphical indicia. 

In each such system embodiments, it is preferred that each planar laser illumination 
beam is focused so that the minimum beam width thereof (e.g. 0.6 mm along its non-spreading 
direction, as shown in Fig. 112) occurs at a point or plane which is the farthest or maximum 
working (i.e. object) distance at which the system is designed to acquire images of objects, as 
best shown in Fig. 112. Hereinafter, this aspect of the present invention shall be deemed the 
'Focus Beam At Farthest Object Distance (FBAFOD)" principle. 

In the case where a fixed focal length imaging subsystem is employed in the PUIM- 
based system, the FBAFOD principle helps compensate for decreases in the power density of 
the incident planar laser illumination beam due to the fact that the width of the planar laser 
illumination beam increases in length for increasing object distances away from the imaging 
subsystem. 

In the case where a variable focal length (i.e. zoom) imaging subsystem is employed in 
the PLIIM-based system, the FBAFOD principle helps compensate for (i) decreases in the power 
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density o, Wden. planar aiuminaHon bean, due to *e fact fta. A. „f 
laser UlummaHon beam increases in lengtt, for increasing object distances away fcon, the 
.maging subsystem, and (ii, any l/r= type losses flu. would typicaUy occur when using the 
planar laser planar Ulumination beam of the present invenHoa 

By virme of the present invention, scanned objects need only be iUuminated along a 
smgle plane which is coplana, with a planar section of the Held of view of the image formahon 
and detecuon module (e.g. camera, during iUuminaHon and imaging operations carried out by 
the PUIM-based system. Hus enables the use of low-power, light-weight, high-response, ul J 
compact, high-effidency solid-state iUumination pr^ludng devices, such as visible laser di«ies 
(YLDs). io selectively iUumimte ultra-narrow sections of an obj^ during image formation and 
detecton oper.ti«,s, in c«,t,ast with high-power, low-response, heavy-weight, bulky, low- 
ettcency hghting equipment (e.g. sodium vapor Ughts) required by prior ar, illuminaHon and 
hmage detection systems. In addiHon, the planar laser illurmnation techniques of the present 
invention enables high-speed modulation of the planar laser illuminaHon beam, and use of 
umple (,.e. substantially-monochromatic wavelength, lens designs for substanHallv- 

nonochromatic opttcal ilhmdnation and image formation and detection operations 

As will be mustrated in greater detail hereinafter, PLIIM-based systems embodying the 
plan^ laser illumination" and "FBAFOD" principles of the present invention can be emb.Led 
wtttun a Wide variety of bar code symbol reading and scanning systems, as well as image-lift 
-1 <Vteal character, t«d, and image recognition systems and devices weH known in the art 
In general, bar code symbol reading systems can be grouped into at least two general 
■ categories, namely: industrial scanners; and point-of-sale (POS, scanners 
An industrial scanner is a scanner that has been designed for use in a warehouse or 
^luppmg appUcation where large numbers of packages must be scanned in rapid succession 
ndusft^l severs include conveyor-type scanners, and hold-under sc^mers. These scanner 
ategones will be described in greater detail below 

Conveyor scanners are designed to scan packages as they move by <„ a conveyor belt 
l^neral, a minimmn of sb< conveyors (e.g. one overhead scanner, four side sc^mers, and one 
attorn m are necessary to obtain complete coverage of the conveyor belt and ensure that 
nv label wJ! be scanned no matter where on a package it appears. Conveyor scanners can be 
ler grouped mto top, side, and bottom scanners which wiU be briefly summarized below 
Top scanners are mounted above the conveyor belt and look down at the tops of 
•ackages transported therealong It might be desirable to angle the scanner's field of view 
^hghtly .n the direction from which the packages approach or that in which they recede 
lependu,g on the shapes of the packages being scanned. A top scanner generally has less 
eve„ depfl. of fieW and variable ^ or dynamic focus reqm^ments compared to a s^ 
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scanner as the tops of packages are usually fairly flat, at least compared to the extreme angles 
that a side scanner might have to encounter during scanning operations. 

Side scanners are mounted beside the conveyor belt and scan the sides of packages 
transported therealong. It might be desirable to angle the scanner's field of view slightly in the 
direction from which the packages approach or that in which they recede depending on the 
shapes of the packages being scanned and the range of angles at which the packages might be 
rotated. 

Side scanners generally have more severe depth of field and variable focus or dynamk 
focus requirements compared to a top scanner because of the great range of angles at which the 
sides of the packages may be oriented with respect to the scanner (this assumes that the 
packages can have random rotational orientations; if an apparatus upstream on the on Ae 
conveyor forces the packages into consistent orientations, the difficulty of the side scanning task 
is lessened). Because side scanners can accommodate greater variation in object distance over 
the surface of a single target object, side scanners can be mounted in the usual position of a top 
scanner for applications in which package tops are severely angled. 

Bottom scanners are mounted beneath the conveyor and scans the bottoms of packages 
by looking up through a break in the belt that is covered by glass to keep dirt off the scanner. 
Bottom scanners generally do not have to be variably or dynamically focused because its 
working distance is roughly constant, assuming that the packages are intended to be in contact 
with the conveyor belt under normal operating conditions. However, boxes tend to bounce 
around as they travel on the belt, and this behavior can be ampUfied when a package crosses the 
break, where one belt section ends and another begins after a gap of several inches. For this 
reason, bottom scanners must have a large depth of field to accommodate these random 
motions, to which a variable or dynamic focus system could not react quickly enough. 

Hold-under scanners are designed to scan packages that are picked up and held 
underneath it. The package is then manually routed or otherwise handled, perhaps based on 
the result of the scanning operation. Hold-under scanners are generally mounted so that its 
viewing optics are oriented in downward direction, like a library bar code scanner. Depth of 
field (DOF) is an important characteristic for hold-under scanners, because the operator wiU not 
be able to hold the package perfectly still while the image is being acquired. 

Point-of-sale (POS) scanners are typicaUy designed to be used at a retail establishment to 
determine the price of an item being purchased. POS scanners are generally smaller than 
industrial scanner models, with more artistic and ergonomic case designs. Small size, low 
weight, resistance to damage firom accident drops and user comfort, are aU major design factors 
for POS scanner. POS scanners include hand-held scanners, hands-free presentation scanners 
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and combinaSon-^ sca™e,s supporting boA hand^ and ha«b-ft« „od« of operaSon 
These scanner categories wffl be described in gteater detail below. 

to be scllTd "° "'"^ to be picked up by the operator «Ki aimed at fte label 

Hands-free presentation scanners are designed to remain stationary and have the item to 
be scanned picked up and passed in fr™,t of the scanning device. Pr^tation scanners can be 
mounted on counters looking horizontaUy. embedded flush with the counter looking verttcallv 
or partiaUy emb«lded in the counter looking verticaUy, but having a "tower" porHon wWA 
nses out above the counter and looks horizontaUy to ac»mplish multipl^sided scamUng K 
necessary, presentation scanners that are m„un,«i in a counter su,ft„ can also indude a Lie 
to measure weights of items. 

Some POS scanners can be used as handheld units or mounted in stands to serve as 
presentauon scam,e„, depending on which is more convenient for the operator based on the 
Item that must be scanned. 

Various generalized embodiments of the PUIM system of the present invention will 
.w •» <te^ in great detail, ami after each generalized embodiment various appUcations 
lereofwiU be described. «-«uoiis 
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The first generalized embodiment of the PLDM-based system of the present invention 1 
is Ulustrated in Fig. lA. As shown therein, the PUIM-based system 1 comprises: a housing 2 of 
compact construction; a linear (i.e. 1-dimensional) type image formation and detection (IFD) 
module 3 including a 1-D electronic image detection array 3A, and a linear (1-D) imaging 
subsystem (US) 3B having a fixed focal length, a fixed focal distance, and a fixed field of view 
(FOV), for forming a 1-D image of an illuminated object 4 located within the fixed focal distance 
and FOV thereof and projected onto the 1-D image detection array 3A, so that the 1-D image 
detection array 3A can electronicaUy detect the image fonned thereon and automaticaUy 
produce a digital image data set 5 representative of the detected image for subsequent image 
processing; and a pair of planar laser illumination arrays (PLIAs) 6A and 6B, each mounted on 
opposite sides of fhe IFD module 3, such that each planar laser illumination array 6A and 6B 
produces a plane of laser beam iUumination 7A, 7B which is disposed substantially coplanar 
with the field view of the image formation and detection module 3 during object illumination 

and image detection operations carried out by the PLDM-based system. 

An image formation and detection (IFD) module 3 having an imaging lens with a fixed 
focal lengtti has a constant angular field of view (FOV), ti.at is, the imaging subsystem can view 
more of ttie target object's surface as tiie target object is moved hirther away from the IFD 
module. A major disadvantage ^o ttus type of imaging lens is ti^at tiie resolution of the image 
that IS acquired, expressed in terms of pixels or dots per inch (dpi), varies as a function of tiie 
distance firom ttie target object to the imaging lens. However, a fixed focal lengtit imaging lens 
IS easier and less expensive to design and produce ti^an a zoom-type imaging lens which wiU be 
discussed in detail hereinbelow with reference to Figs. 3A tiuough 3J4. 

The distance firom tiie imaging lens 3B to the image detecting (i.e. sensing) array 3A is 
referred to as ti.e image distance. The distance from ti.e target object 4 to the imaging lens 3B 
is caUed tfxe object distance. The relationship between the object distance (where tiie object 
resides) and ti.e image distance (at which the image detection array is mounted) is a function of 
the characteristics of the imaging lens, and assuming a tiun lens, is determined by the tiiin 
(imaging) lens equation (1) defined below in greater detail. Depending on tiie image distance 
light reflected fi-om a target object at the object distance wiU be brought into sharp focus on tt« 
detection array plane. If the image distance remains constant and the target object is moved to a 
new object distance, ihe imaging lens might not be able to bring the Ught reflected off the target 
object (at this new distance) into sharp focus. An image formation and detection (IFD) module 
having an imaging lens with fixed focal distance cannot adjust its image distance to compensate 
for a change in the target's object distance; aU the component lens elements in the imaging 
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subsystem remain stationary. Therefore, the depth of field (DOF) of the imagir« subsystems 
alone must be sufficient to acconunodate aU possible object dislar^es and orienutions Such 
basK optical terms and concepts vriU be discussed in more formd detail hereinafter vHt, 
reference to Figs. IJl and 1J6. 

•""«°«'»«v'ia> the present invention, the planar laser illumination arrays 6A and 6B 
the Imear image formation and detection (IFD) module 3, and any non-moving FOV and/or' 
planar laser illumination beam folding mirrors employed in any particular system configuration 
described herein, are fixedly mounted on an opticd bench 8 or chassis so as to prevent any 
relaf ve motion (which might be caused by vibration or temperature changes) between- (i) the 
unage forming optics (e.g. imaging lens) wiftin the image formaHon and detection module 3 
and any stationary FOV folding mirrors employed therewith; and (ii) each planar laser 
Uluminaton array (i.e. VLD/cylindrical lens assembly) 6A. 6B and any planar laser illuminaHon 
beam folding mirrors employed in U,e PUIM system conflguraHon. Preferably, the chassis 
«seu*ly should provide for easy and secure alignment of aU optical components employed in 
the planar laser iUumination arrays 6A and 6B as well as the image fomution and detection 
module 3, «,wa.sie easy to manufacture, service and repair. Also, this PLDM-based system 
F^n,.*' '"^ """"^ Ulundnation- and "focus beam at farthest object distance 
ffBAFOD) pnndples described above. Various illustrative embodiments of this generalized 
IPUIM-based system will be described below. 




The first illustrative embodiment of the PLIIM-based t^ystem lA of Fig. lA is shown in 
.g. lBl . As illustrated therein, the field of view of the image formation 
IS folded m the downwardly direction by a field of view (FOV) folding mirror 9 so that both the 
folded field of view 10 and resulting first and second planar laser illumination beams 7 A and 7B 
produced by the planar illumination arrays 6A and 6B, respectively. a« arranged in a 
substantiaUy coplanar relationship during object illumination and image detection operations 
One pnmary advantage of this system design is that it enables a construction having an ultn.- 
How height profile suitable, for example, in unitary package identification and dimensioning 
systems of the type disclosed in Figs. 17-22, wherein the image-based bar code symbol reader 
jeeds to be instaUed within a compartment (or cavity) of a housing having relatively low height 
dimensions. Also, in this system design, there is a relatively high degree of freedom provided in 
Kvhere the miage formation and detection module 3 can be mounted on the optical bench of the 
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system, thus enabling the field of view (FOV) folding technique disclosed in Fig. ILl to 
practiced in a relatively easy manner. 

The PLUM system lA iUustrated in Fig. IBl is shown in greater detaU in Figs. 1B2 and 
1B3. As shown therein, the linear image formation and detection module 3 is shown 
comprising an imaging subsystem SB, and a linear array of photo-electronic detectors 3A 
realized using high-speed CCD technology (e.g. Dalsa IT-P4 Linear Image Sensors, from Dalsa, 
Inc. located on the WWW at http://www.dalsa.com). As shown, each planar laser iUumination 
array 6A, 6B comprises a pluraUty of planar laser illumination modules (PLIMs) llA through 
IIF, closely arranged relative to each other, in a rectilinear fashion. For purposes of clarity, each 
PUM is indicated by reference numeral. As shown in Figs. IKl and 1K2, the relative spacing of 
each PUM is such that the spatial intensity distribution of the individual planar laser beams 
superimpose and additively provide a substantially uniform composite spatial intensity 
distribution for the entire planar laser illumination array 6A and 6B. 

In Fig. 1B3, greater focus is accorded to the planar Ught iUumination beam (PLIB) and 
the magnified field of view (FOV) projected onto an object during conveyor-type illumination 
and imaging applications, as shown in Kg. IBl. As shown in Fig. 1B3, the height dimension of 
the PLIB is substantially greater than the height dimension of each image detection element in 
the linear CCD image detection array so as to decrease the range of tolerance that must be 
maintained between the PUB and the FOV. This simpUfies construction and maintenance of 
such PUIM-based systems. In Figs. 1B4 and 1B5, an exemplary mechanism is shown for 
adjustably mounting each VLD in flie PUA so that the desired beam profile characteristics can 
be achieved during calibration of each PUA. As iUustrated in Fig. 1B4, each VLD block in the 
iUustirative embodiment is designed to tilt plus or minus 2 degrees relative to the horizontal 
reference plane of the PLIA. Such inventive features wiU be described in greater detail 
lereinafter. 

Fig. IC is a schematic representation of a single planar laser iUumination module (PUM) 
11 used to constiiict each planar laser illumination array 6A, 6B shown in Fig. 1B2. As shown in 
Fig. IC, the planar laser iUumination beam emanates substantiaUy witiun a single plane along 
ttie direction of beam propagation towards an object to be optically iUuminated. 

As shown in Fig. ID, tiie planar laser iUumination module of Fig. IC comprises: a visible 
laser diode (VLD) 13 supported witiun an optical tube or block 14; a Ught coUimating (i.e. 
focusing) lens 15 supported witiun the optical tiibe 14; and a cylindrical-type lens element 16 
configured togetiier to produce a beam of planar laser Ulumination 12. As shown in Fig. IE, a 
focused laser beam 17 from the focusing lens 15 is directed on the input side of the cyUndrical 
lens element 16, and a planar laser illumination beam 12 is produced as ou^ut ttiereft^m. 
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As shown in Fig. IF, the PLIIM-based system lA of Fig. lA comprises: a pair of planar 
laser illumination arrays 6A and 6B, each having a plurality of PLIMs 11 A through IIF, and 
each PLIM being driven by a VLD driver circuit 18 controUed by a micro-controUer 720 
programmable (by camera control computer 22) to generate diverse types of drive-current 
functions that satisfy the input power and output intensity requirements of each VLD in a real- 
time manner; linear-type image formation and detection module 3; field of view (FOV) folding 
mirror 9, arranged in spatial relation with the image formation and detection module 3; an 
image frame grabber 19 operably connected to the linear-type image formation and detection 
module 3, for accessing 1-D images (i.e. 1-D digital image data sets) therefrom and building a 2- 
D digital image of the object being illuminated by the planar laser iUumination arrays 6A and 
6B; an image data buffer (e.g. VRAM) 20 for buffering 2-D images received from the image 
frame grabber 19; an image processing computer 21, operably connected to the image data 
■buffer 20, for carrying out image processing algorithms (including bar code symbol decoding 
algorithms) and operators on digital images stored within the image data buffer, including 
imagebased bar code symbol decoding software such as, for example, SwiftDecode™ Bar Code 
Decode Software, from Omniplanar, Inc., of Princeton, New Jersey 
(http:/ /www.omniplanar-com); and a camera confrol computer 22 operably connected to the 
various components within the system for controlling the operation thereof in an orchesfrated 
maimer. 

Detailed DescriptiQn Qf An Exemplary R eal i za tio n Of The PT.TTM-Based System c^hnwr, t„ p;, 
h dI Itirougn IF ° " 



Referring now to Figs. IGl through 1N2, an exemplary realization of the PLIIM-based 
system shovm in Figs. IBl through IF will now be described in detail below. 

As shown in Figs. IGl and 1G2, the PLIIM system 25 of the iUusfrative embodiment is 
contained within a compact housing 26 having height, length and width dimensions 45", 21.7", 
and 19.7" to enable easy mounting above a conveyor belt structure or the like. As shown in Fig. 
Gl, the PLIIM-based system comprises an image formation and detection module 3, a pair of 
planar laser illumination arrays 6A, 6B, and a stationary field of view (FOV) folding structure 
(e.g. mirror, refractive element, or diffractive element) 9, as shown in Figs. IBl and 1B2. The 
function of the FOV folding mirror 9 is to fold the field of view (FOV) of the image formation 
and detection module 3 in a direction that is coplanar with the plane of laser illumination beams 
7A and 7B produced by the planar illumination arrays 6A and 6B respectively. As shown, 
components 6A, 6B, 3 and 9 are fixedly mounted to an optical bench 8 supported within the 
compact housing 26 by way of metal mounting brackets that force the assembled optical 



-155- 



10 



i' ^ 



in 



5; if 
?r ST 

n 



25 



30 



35 



Attorney Case )27USA000 




components to vibrate together on the optical bench. In him, the optical bench is shock 
mounted to the system housing using techniques which absorb and dampen shock forces and 
vibration. The 1-D CCD imaging array 3A can be realized using a variety of commercially 
available high-speed line-scan camera systems such as, for example, the Piranha Model Nos 
CT-P4, or CL-P4 High-Speed CCD Line Scan Camera, from Dalsa, Inc. 
USA-http://www.dalsa.com. Notably, image frame grabber 17, image data buffer (e.g. 
VRAM) 20, image processing computer 21, and camera control computer 22 are realized on one 
or more printed circuit (PC) boards contained within a camera and system electronic module 27 
also mounted on the optical bench, or elsewhere in the system housing 26 

In general, the linear CCD image detection array (i.e. sensor) 3A has a single row of 
pixels, each of which measures from several ^m to several tens of ^m along each dimension 
Square pixek are most common, and most convenient for bar code scanning applications, but 
different aspect ratios are available. In principle, a linear CCD detection array can see only a 
smaU slice of tiie target object it is imaging at any given time. For example, for a linear CCD 
detection array having 2000 pixels, each of which is lOjim square, tfxe detection array measures 
2 cm long by lOfmi high. If the imaging lens 3B m front of the linear detection array 3A causes 
an optical magnification of lOX, tiien tiie 2 cm lengtfi of the detection array will be projected 
onto a 20 cm length of the target object. In tiie otiier dimension, the lOum height of the 
detection array becomes only lOOjim when projected onto tiie target. Since any label to be 
scanned will typically measure more than a hundred ^m or so in each direction, caphiring a 
single image with a linear image detection array will be inadequate. Therefore, in practice, the 
linear image detection array employed in each of the PLHM-based systems shown in Figs! lA 
through 3J6 builds up a complete image of the target object by assembling a series of linear (1- 
D) images, each of which is taken of a different sUce of the target object. Hierefore, successhil 
use of a linear image detection array in the PLIIM-based systems shown in Figs. lA tiirough 3J6 
requires relative movement between the target object and the PLIIM system. In general, either 
the target object is moving and tfie PUIM system is stationary, or else the field of view of the 
LDM-based system is swept across a relatively stationary target object, as shown in Figs. 3J1 
through 3J4. This makes the linear image detection array a nahiral choice for conveyor 
scanning applications. 

As shown in Rg. IGl, the compact housing 26 has a relatively long tight transmission 
window 28 of elongated dimensions for projecting the FOV of the image formation and 
detection (IFD) module 3 through the housing towards a predefined region of space outside 
thereof, witiun which objects can be iUuminated and imaged by the system components on tiie 
optical bench 8. Also, the compact housing 26 has a pair of relatively short Ught transmission 
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apertures 29A and 29B closely disposed on opposite ends of Ught transmission window 28, 
with minimal spacing therebetween, as shown in Fig. IGl, so that the FOV emerging from the 
housing 26 can spatially overlap in a coplanar manner with the substantiaUy planar laser 
illuminaHon beams projected through transmission windows 29A and 29B, as close to 
transmission window 28 as desired by the system designer, as shown in Figs. 1G3 and 1G4. 
Notably, in some applications, it is desired for such coplanar overlap between the FOV and 
planar laser illumination beams to occur very close to the Ught transmission windows 20, 29A 
and 29B (i.e. at short optical throw distances), but in other applications, for such coplanar 
overlap to occur at large optical tturow distances. 

In either event, each planar laser illumination array 6A and 6B is optically isolated from 
the FOV of the image formation and detection module 3. In the preferred embodiment, such 
optical isolation is achieved by providing a set of opaque wall sfructures 30A 30B about each 
planar laser illumination array, from the optical bench 8 to its Ught fransmission window 29A or 
29B, respectively. Such optical isolation sfructures prevent the image formation and detection 
module 3 from detecting any laser Ught fransmitted directly from the planar laser illumination 
arrays 6A, 6B within ttie interior of tfie housing. Instead, the image formation and detection 
module 3 can only receive planar laser iUumination that has been reflected off an illuminated 
object, and focused through the imaging subsystem of module 3. 

As shown in Fig. 1G3, each planar laser iUumination array 6A, 6B comprises a pluraUty 
of planar laser Ulumination modules llA ti^ough IIF, each individually and adjustably 
mounted to an L-shaped bracket 32 which, in him, is adjustably mounted to the optical bench. 
As shown, a stationary cylindrical lens array 299 is mounted in front of each PLIA (6A, 6B) 
adjacent the iUumination window formed within the optics bench 8 of the PLIIM-based system. 
The ftmction performed by cylindrical lens array 299 is to optically combine the individual PUB 
components produced from tiie PLIMs constituting the PLIA, and project the combined PUB 
components onto points along the surface of the object being iUuminated. By virhie of this 
Inventive feahire, each point on the object surface being imaged wiU be Uluminated by different 
sources of laser Ulumination located at different points in space (i.e. by a source of spatiaUy 
coherent-reduced laser iUumination), thereby reducing the RMS power of speckle-pattern noise 
observable at the Unear image detection array of the PLIIM-based system. 

As mentioned above, each planar laser illumination module 11 must be rotatably 
adjustable within its L-shaped bracket so as permit easy yet secure adjustanent of the position 
of each PLIM 11 along a common alignment plane extending within L-bracket portion 32A 
thereby permitting precise positioning of each PUM relative to the optical axis of the image 
formation and detection module 3. Once properly adjusted in terms of position on the L- 
bracket portion 32A, each PLIM can be securely locked by an aUen or Uke screw threaded into 
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the body of the L-bracket portion 32A. Also, L-bracket portion 32B, supporting a plurality of 
PLIMs 11 A through IIB, is adjustably mounted to the optical bench 8 and releasably locked 
thereto so as to permit precise lateral and/or angular positioning of the L-bracket 32B relative to 
the optical axis and FOV of the image formation and detection module 3. The function of such 
adjustment mechanisms is to enable the intensity distributions of the individual PLIMs to be 
additively configured together along a substantially singular plane, typicaUy having a width or 
thickness dimension on the orders of the width and thickness of the spread or dispersed laser 
beam within each PLIM. When properly adjusted, the composite planar laser illumination 
beam will exhibit substantially uniform power density characteristics over the entire working 
range of tile PUIM-based system, as shown in Figs. IKl and 1K2. 

In Fig. 1G3, the exact position of the individual PLIMs llA through IIF along its L- 
bracket 32A is indicated relative to the optical axis of the imaging lens 3B within the image 
formation and detection module 3. Fig. 1G3 also illustrates the geometrical limits of each 
substantially planar laser iUumination beam produced by its corresponding PLIM, measured 
relative to the folded FOV 10 produced by the image formation and detection module 3. Fig. 
1G4, illustrates how, during ob^ illumination and image detection operations, ttie FOV of the 
image formation and detection module 3 is first folded by FOV folding mirror 19, and then 
arranged in a spatially overlapping relationship witii the resulting/composite planar laser 
illumination beams in a coplanar manner in accordance with tiie principles of the present 
invention. 

Notably, the PLIIM-based system of Fig. IGl has an image formation and detection 
module with an imaging subsystem having a fixed focal distance lens and a fixed focusing 
mechanism. Thus, such a system is best used in either hand-held scanning applications, and/or 
bottom scanning appUcations where bar code symbols and other structiires can be expected to 
appear at a particular distance from the imaging subsystem. In Fig. 1G5, the spatial limits for 
the FOV of the image formation and detection module are shown for two different scanning 
conditions, namely: when imaging the tallest package moving on a conveyor belt sbnirture; and 
when imaging objects having height values close to the surface of the conveyor belt stincture. In 
a PLIIM-based system having a fixed focal distance lens and a fixed focusing mechanism, the 
'LHM-based system would be capable of imaging objects under one of the two conditions 
indicated above, but not under both conditions. In a PUIM-based system having a fixed focal 
length lens and a variable focusing mechanism, tiie system can adjust to image objects under 
either of these two conditions. 

In order that PLLIM-based subsystem 25 can be readUy interfaced to and an integrated 
;e.g. embedded) wiUiin various types of computer-based systems, as shown in Figs. 9 through 
34C, subsystem 25 also comprises an I/O subsystem 500 operably connected to camera control 
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computer 22 and image processing computer 21, and a network controller 501 for enabling 
high-speed data communication with others computers in a local or wide area network using 
packet-based networking protocols (e.g. Ethernet, AppleTalk, etc.) weU known in the art. 

In the PLUM-based system of Fig. IGl, special measures are undertaken to ensure that 
(I) a mimmum safe distance is maintained between the VLDs in each FLIM and the user's eyes 
and (ii) the planar laser Olumination beam is prevented from directly scattering into the FOV of 
the image formation and detection module, from within the system housing, during object 
lUummation and imaging operations. Condition (i) above can be achieved by using a Ught 
shield 32A or 32B shown in Figs. 1G6 and 1G7, respectively, whereas condition (ii) above can be 
achieved by ensuring that the planar laser iUumination beam from the PUAs and the field of 
view (FOV) of the imaging lens (in the IFD module) do not spatially overlap on any optical 
surfaces residing within the PLHM-based system Instead, the planar laser illumination beams 
are permitted to spatially overlap with the FOV of the imaging lens only outside of the system 
housmg, measured at a particular point beyond the Ught transmission window 28, through 
which the FOV 10 is projected to the exterior of the system housing, to perform object imaging 
operations. ° 



Detailed Description Of The Planar Laser Tl],.min.Ho n Mod..!.. (PT tm.) r^pi^,.-. i„ -r,^ 
Planar User niuminatio n Arrays (PTTAs) Of Th.m„.^.f^.oT;^i^!JLT ^"^^^"^^^^ ^" 



Referring now to Figs. 1G8 through 112, the construction of each PLIM 14 and I'S used in 
the planar laser illumination arrays (PLIAs) wiU now be described in greater detail below. 

As shown in Fig. 1G8, each planar laser illumination array (PUA) 6A, 6B employed in 
the PLDM-based system of Fig. IGl, comprises an array of planar laser illumination modules 
(PLIMs) 11 mounted on the L-bracket structure 32, as described hereinabove. As shown in Figs 
1G9 through IGll, each PUM of the illustrative embodiment disclosed herein comprises an 
assembly of subcomponents: a VLD mounting block 14 having a tubular geometry with a 
hoUow central bore 14A formed entirely therethrough, and a v-shaped notch 14B formed on 
one end thereof; a visible laser diode (VLD) 13 (e.g. Mitsubishi ML1XX6 Series high-power 
658mn AlGalnP semiconductor laser) axiaUy mounted at the end of the VLD mounting block 
opposite the V-shaped notch 14B, so that the laser beam produced from the VLD 13 is aligned 
substantiaUy along the central axis of the central bore 14A; a cylindrical lens 16, made of optical 
glass (e g. borosilicate) or plasHc having the optical characteristics specified, for example, in 
Figs. IGl and 1G2, and fixedly mounted within the V-shaped notch 14B at the end of the VLD 
mounting block 14, using an optical cement or other lens fastening means, so that the central 
axis of the cylindrical lens 16 is oriented substantially perpendicular to the optical axis of the 
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central bore 14A; and a focusing lens 15, made of central glass (e.g. borosiUcate) or plastic 
having the opHcal characteristics shown, for example, in Figs. IH and 1H2, mounted within the 
central bore 14A of the VLD mounting block 14 so that the optical axis of the focusing lens 15 is 
substanttally aligned with the central axis of the bore 14A, and located at a distance from the 
\f^D which causes the laser beam output from the VLD 13 to be converging in the direction of 
the cylindrical lens 16. Notably, the function of the cylindrical lens 16 is to disperse (i.e. spread) 
the focused laser beam from focusing lens 15 along the plane in which the cylindrical lens 16 
has curvature, as shown in Fig. Ill while the characteristics of the planar laser illumination 
beam (PUB) in the direction transverse to the propagation plane are determined by the focal 
length of tf\e focusing lots 15, as illustrated in Figs. Ill and 112. 

As will be described in greater detail hereinafter, the focal length of the focusing lens 15 
within each PUM hereof is preferably selected so that the substantially planar laser iUumination 
beam produced from the cylindrical lens 16 is focused at the farthest object distance in the field 
of view of the image formation and detection module 3, as shown in Fig. 112, in accordance with 
the 'TBAFOD" principle of the present invention. As shown in the exemplary embodiment of 
Rgs. Ill and 112, wherein each PUM has maximum object distance of about ^^nches (i e 155 
centimeters), and the cross-sectional dunension of the planar laser illumination beam emerging 
from the cylindrical lens 16, in the non-spreading (height) direction, oriented normal to the 
propagation plane as defined above, is about 0.15 centimeters and ultimately focused down to 
about 0.06 centimeters at the maximal object distance (i.e. the farthest distance at which the 
system is designed to caphu-e images). The behavior of the height dimension of the planar laser 
iUumination beam is determined by the focal length of the focusing lens 15 embodied within the 
PUM. Proper selection of the focal length of the focusing lens 15 in each PUM and the distance 
jetween the VLD 13 and the focusing lens 15B indicated by reference No. (D), can be 
determined using the thin lens equation (1) below and the maximum object distance required 
oy the PUIM-based system, typicaUy specified by the end-user. As wiU be explained in greater 
detail hereinbelow, this preferred method of VLD focusing helps compensate for decreases in 
the power density of the incident planar laser illumination beam (on target objects) due to Ae 
fact that the width of the planar laser illumination beam increases in length for increasing 
distances away from the imaging subsystem (i.e. object distances). 

After specifying the optical components for each PLIM, and completing the assembly 
thereof as described above, each PLIM is adjustably mounted to the L bracket position 32A by 
way of a set of mounting/adjustment screws turned through fine-threaded mounting holes 
formed thereon. In Fig. IGIO, the plurality of PLIMs llA tiu-ough IIF are shown adjustably 
mounted on the L-bracket at positions and angular orientations which ensure substantially 
uniform power density characteristics in both the near and far field portions of the planar laser 
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illumination field produced by planar laser illumination anays (PUAs) 6A and 6B cooperating 
together in accordance with the principles of the present invention. Notably, the relative 
positions of the PLIMs indicated in Fig. 1G9 were determined for a particular set of a 
commercial VLDs 13 used in the illustrative embodiment of the present invention, and, as the 
output beam characteristics wiU vary for each commercial VLD used in constructing each such 
PLIM, it is therefore understood that each such PLIM may need to be mounted at different 
relahve positions on the L-bracket of the planar laser iUumination array to obtain, from the 
resulting system, substantiaUy uniform power density characteristics at both near and far 
regions of the planar laser illumination field produced thereby. 

While a refractive-type cylindrical lens element 16 has been shown mounted at the end 
of each PLIM of the iUustrative embodiments, it is understood each cylindrical lens element can 
be realized using refractive, reflective and/or diffractive technology and devices, including 
reflection and bransmission type holographic optical elements (HOEs) weU know in the art and 
described in detail in International Application No. WO 99/57579 published on November 11 
1999, incorporated herein by reference. As used hereinafter and in the claims, the terms 
"cylindrical tens", "cylindrical lens element- and "cylindrical optical element (COE)" ^haU be 
deemed to embrace aU such alternative embodiments of this aspect of the present invention. 

The only requirement of the optical element mounted at the end of each PLIM is that it 
has sufficient optical properties to convert a focusing laser beam transmitted therethrough, into 
a laser beam which expands or otherwise spreads out only along a single plane of propagation 
while the laser beam is substantially mialtered (i.e. neither compressed or expanded) in the 
direction normal to tiie propagation plane. 

Alte^ve Embodiments of The Planar T aser Hh.^in.Hn. M^ ule ^PLTM^ Of tk. p,...^. 



niere are means for producing substantially planar laser beams (PUBs) without the use 
of cylindrical optical elements. For example, US Patent No. 4,826,299 to PoweU, incorporated 
herem by reference, discloses a linear diverging lens which has the appearance of a prism with 
a relatively sharp radius at the apex, capable of expanding a laser beam in only one direction 
In Fig. 1G16A, a first type Powell lens 16A is shown embodied within a PLIM housing by 
simply replacing the cylindrical lens element 16 with a suitable PoweU lens 16A taught in US 
Patent No. 4,826,299. In this alternative embodiment, the PoweU lens 16A is disposed after the 
focusing/coUimating lens 15' and VLD 13. m Fig. 1G16B, generic PoweU lens 16B is shown 
embodied within a PLIM housing along with a coUimating/focusing lens 15' and VLD 13 Ue 
resulting PUMs can be used in any PLIIM-based system of the present invention. 
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Alternatively, US Patent No. 4^89,738 to Ozaki discloses an optical arrangement which 
employs a convex reflector or a concave lens to spread a laser beam radially and then a 
cylindrical-concave reflector to converge the beam linearly to project a laser line. Like the 
Powell lens, the optical arrangement of US Patent No. 4,589,738 can be readily embodied 
within the PLIM of the present invention, for use in a PLHM-based system employing the same. 

In Figs. 1G17 through 1G17D, there is shown an alternative embodiment of the PLIM of 
the present invention 729, wherein a visible laser diode (VLD) 13, and a pair of smaU cylindrical 
:i.e. PCX and PCV) lenses 730 and 731 are both mounted within a lens barrel 732 of compact 
construction. As shown, the lens barrel 732 permits independent adjushnent of the lenses along 
^)oth translational and rotational directions, thereby enabling the generation of a substantially 
planar laser beam therefrom. TTie PCX-type lens 730 has one piano surface 730A and a positive 
cylindrical surface 730B with its base and the edges cut in a circular profile. The function of the 
PCX-type lens 730 is laser beam focusing. The PCV-type lens 731 has one piano surface 731A 
and a negative cylindrical surface 731B with its base and edges cut in a circular profile. The 
function of the PCX-type lens 730 is laser beam spreading (i.e. diverging or planarizing). 

As shown in Figs. 1G17B and 1G17C, the PCX lens 730 is capable of undergoing 
h-anslation in tiie x direction for focusing, and rotation about the x axis to ensure tiiat it only 
effects the beam along one axis. Set-type screws or other lens fastening mechanisms can be used 
to secure the position of the PCX lens within its barrel 732 once its position has been properly 
adjusted dtuing calibration procediure. 

As shown in Fig. 1G17D, the PCV lens 731 is capable of undergoing rotation about the x 
axis to ensure ttiat it only effects the beam along one axis. Figs. 1G17E and 1G17F illustrate that 
the VLD 13 requires rotation about the y and x axes, for aiming and desmiling the planar laser 
illumination beam produced from the PLIM. Set-type screws or other lens fastening 
mechanisms can be used to secure the position and aUgnment of tiie PCV-type lens 731 within 
its barrel 732 once its position has been properly adjusted during caUbration procedure. 
Likewise, set-type screws or other lens fastening mechanisms can be used to secure the position 
and aUgnment of the VLD 13 within its barrel 732 once its position has been pix)perly adjusted 
during calibration procediure. 

In the illush-ative embodiments, one or more PLIMs 729 described above can be 
integrated togetiier to produce a PUA in accordance with the principles of the present 
invention. Such the PLIMs associated with the PLL\ can be mounted along a common bracket, 
having PLIM-based multi-axial alignment and pitch mechanisms as illush-ated in Figs. 1B4 and 
IBS and described below. 
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Multi-Axis VLB Mounting Assembly Embodied Within Pla n ar Laser nii.mination (PUA\ Of 
IThe Present Invention ^ — ' 



In order to achieve the desired degree of uniformity in the power density along the 
PUB generated from a PUIM-based system of the present invention, it will be helpful to use the 
multi-axial VLD mounting assembly of Figs. 134 and IB in each PUA employed therein. As 
shown in Fig. 1B4, each PUM is mounted along its PLIA so that (1) the PLIM can be adjustably 
tilted about the opHcal axis of its VLD 13, by at least a few degrees measured from the 
horizontal reference plane as shown in Fig. 1B4, and so that (2) each VLD block can be 
adjustably pitched forward for alignment with other VLD beams, as iUustrated in Fig. 1B5. The 
tUt-adjustment function can be realized by any mechanism that permits the VLD block to be 
releasably tilted relative to a base plate or like struchire 740 which serves as a reference plane, 
from which the tilt parameter is measured. The pitch-adjustment function can be realized by 
any mechanism that permits the VLD block to be releasably pitched relative to a base plate or 
ike structure which serves as a reference plane, from which the pitch parameter is measured. 
In a preferred embodiment, such flexibiUty in VLD block posiHon and orientation can be 
achieved using a three axis gimbel-like suspension, or other pivoting mechanism, permitting 
rotational adjustment of the VLD block 14 about the X, Y and Z principle axes embodied 
therewithin. Set-type screws or other fastening mechanisms can be used to secure the position 
and alignment of the VLD block 14 relative to the PUA base plate 740 once the position and 
orientatioii of the VLD block has been properly adjusted during a VLD caHbration procedure. 



Detailed D&scription Of The Ima^e Formation And D e tection Modu le EmplnvpH Tn TTu. VfUKA. 
Based Svstem Of The First Cp neralized Embodiment Of The Present TnypntiMT '■ 



In Fig. IJl, there is shown a geometrical model (based on the thin lens equation) for the 
simple imaging subsystem 3B employed in the image formation and detection module 3 in the 
PUIM-based system of the first generalized embodiment shown in Fig. lA. As shown in Fig. 
lljl, flus simple imaging system 3B consists of a source of iUumination (e.g. laser Ught reflected 
off a target object) and an imaging lens. The illumination source is at an object distance ro 
measured from the center of the imaging lens. In Fig. IJl, some representative rays of Ught 
have been traced from the source to the front lens surface. The imaging lens is considered to be 
of the converging type which, for ordinary operating conditions, focuses the incident rays from 
the illumination source to form an image which is located at an image distance rj on the 
opposite side of the imaging lens. In Fig. IJl, some representative rays have also been fraced 
from the back lens surface to the image. The imaging lens itself is characterized by a focal 
length f, the definition of which will be discussed in greater detail hezeinbelow. 
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For the purpose of simplifying the mathematical ar^alysis, the imaging lens is considered 
to be a thm lens, that is, idealized to a single surface with no thickness. The parameters t and 
r, all of which have units of length, are related by the "thin lens" equation (1) set forth below 



i = l+i 



(1) 



(1) 



This equation may be solved for the image distance, which yields 



expression (2) 



(2) 



(2) 



If the object distance r, goes to infinity, then expression (2) i^uces to r. = f Thus the 
tfocal length of the imaging lens is the image distance at which Ught incident on the lens from an 
fnfrmtefy distant object will be focused. Once f is known, the image distance for Ught from any 
lother object distance can be determined using (2). 



-ield of ViPw of The Tmafnng Lens anH 



jlutionof Thpftof 



TTie basic characteristics of an image detected by the IFD module 3 hereof may be 
letermined using the technique of ray tracing, in which ,ep««nt,tive rays of light are drawn 
rom U,e source through the imaging lens and to the huge. Such ray tracing is shown in Fig. 
1J2. A basic mle of ray tracing is that a ray ftom the iUuminalion source that passes through the 
mter of the imaging lens continues undevkted to the hnage. Ttetb, a ray ftat passes through 
« center of the imaging lens is «rt refracted. Thus, fte size of the BeH of view (POV) the 
imaging lens may be determined by tracing rays (backwards) fr«^ the edges of the image 
Jetecdon/sensing array through *e center of the imaging lens «k1 out to the image plane ^ 
shown in Fig. 1,1 where d is the dimension of a pb<el, „ is «,e number of pbcels on the image 
detector airay in this direction, and W is the dimension of the field of view of the imaging Z 
Solvmg for the FOV dimension W, and subsHtuting for r, using expression (2) abo^yields 
expression (3) as foUows: ^ 
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f 



(3) 



Now that the size of the field of view is known, the dpi resolution of the image is 
determined. TTte dpi resolution of the image is simply the number of pixels divided by the 
dimension of the field of view. Assuming that all the dimensions of the system are measu.«l in 
meters, the dots per inch (dpi) resolution of the image is given by the expression (4) as foUows- 



dpi- 



f 



(4) 



(4) 



VVorking Distance and Dppth of Field of thp Tma^g \t>r^^ 



Light returning to the imaging lens that emanates from object surfaces sUghUy closer to 
and farther from the imaging lens than object distance ro wiU also appear to be in good focus on 
the miage. From a practical standpoint, "good W is decided by the decoding software 21 
used when the image is too blurry to allow the code to be read (i.e. decoded), then the imagine 
subsystem is said to be "out of focus". If the object distance r„ at which the imaging subsystem 
IS ideaUy focused is known, then it can be calculated theoreticaUy the closest and farthest 
'Vorking distances" of the PUIM-based system, given by parameters r„„ and r., respectively, 
at which the system will stiU function. Tliese distance parameters are given by expression (5) 
and (6) as follows: 



^near 
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where D is the diameter of the largest permissible "circle of cortfusion" on the image 
detection array. A circle of confusion is essentially the blurred out light that arrives from points 
at image distances other than object distance ro. When the circle of confusion becomes too large 
(when the blurred Ught spreads out too much) then one will lose focus. The value of parameter 
D for a given imaging subsystem is usually estimated from experience during system design, 
and then determined more precisely, if necessary, later through laboratory experiment. 

Another optical parameter of interest is the total depth of field Ar, which is the difference 
between distances r,., and r„„; this parameter is the total distance over which the imaging 
system wUl be able to operate when focused at object distance ro- This optical parameter may be 
expressed by equation (7) below: 
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It should be noted that the parameter Ar is generaUy not symmetric about to; the depth 
of field usually extends farther towards infinity from the ideal focal distance than it does back 
towards the imaging lens. 

^""^^'^^ subsystem Used Tn Th. T^ aee Fnrm.tinn An^ 
Detection M odule Of The Present Invention ^ 



A typical imaging (i.e. camera) lens used to construct a fixed focal-length image 
formation and detection module of the present invention might typicaUy consist of three to 
fifteen or more individual optical elements contained within a common barrel structure. The 
inherent complexity of such an optical module prevents its performance torn being described 
very accurately using a "thin lens analysis", described above by equation (1). However, the 
results of a thin lens analysis can be used as a useful guide when choosing an imaging lens for a 
particular PLDM-based system application. 
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A typical imaging lens can focus Ught (iUumination) originating anywhere from an 
infinite distance away, to a few feet away. However, regardless of the origin of such 
illumination, its rays must be brought to a sharp focus at exactly the same location (e.g. the film 
plane or image detector), which (in an ordinary camera) does not move. At first glance, this 
requirement may appear unusual because the thin lens equation (1) above states that the image 
distance at which Ught is focused through a thin lens is a function of the object distance at 
which the light originates, as shown in Fig. 1J3. Thus, it would appear that the position of the 
image detector would depend on the distance at which the object being imaged is located. An 
imaging subsystem having a variable focal distance lens assembly avoids this difficulty because 
several of its lens ^ements are capable of movement relative to the others. For a fixed focal 
ength imaging lens, the leading lens element(s) can move back and forth a short distance, 
usually accompUshed by the rotation of a helical barrel element which converts rotational 
motion into purely linear motion of the lens elements. Ihis motion has the effect of changing 
the image distance to compensate for a change in object distance, allowing the image detector to 
remain in place, as shown in the schematic optical diagram of Fig. 1J4. 



And 



As shown in Fig. 1J5, a variable focal length (zoom) imaging subsystem has an 
additional level of internal complexity. A zoom-type imaging subsystem is capable W changing 
its focal length over a given range; a longer focal length produces a smaUer field of view at a 
given object distance. Consider the case where the PUIM-based system needs to illuminate and 
image a certain object over a range of object distances, but requires the iUuminated object to 
appear the same size in all acquired images. When the object is far away, the FLUM-based 
system wiU generate control signals that select a long focal length, causing the field of view to 
shrink (to compensate for the decrease in apparent size of the object due to distance). When the 
object is dose, the PUIM-based system wiU generate control signals that select a shorter focal 

ength, which widens the field of view and preserves the relative size of the object. Inmanybar 
code scanning applications, a zoom-type imaging subsystem in the FLUM-based system (as 
shown in Figs. 3A through 3J5) ensures that all acquired images of bar code symbols have the 
same dpi image resolution regardless of the position of the bar code symbol within the object 
distance of the PUIM-based system. 

As shown in Fig. 1J5, a zoom-type imaging subsystem has two groups of lens elements 
which are able to undergo relative motion. The leading lens elements are moved to achieve 
focus in the same way as for a fixed ftxal length lens. Also, there is a group of lenses in the 
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middle of the barrel which move back and forth to achieve the zoom, that is, to change the 
effective focal length of all the lens elements acting together. 

Several Techniques For AccommodaHn g The Field nf View <Vnv\ Of A PLIIM <;v«tom t« 
Particular End-User Envirnnmp^ <rv^v, >^ I^LIIM hyfitfm To 



In many appUcations, a PLIIM system of the present invention may include an imaging 
subsystem with a very long focal length imaging lens (assembly), and this PLHM-based system 
must be instaUed in end-user environments having a substantially shorter object distance range, 
and/or field of view (FOV) requirements or the Uke. Such problems can exist for PUIM 
systems employing either fixed or variable focal length imaging subsystems. To accommodate 
a particular PLIIM-based system for installation in such environments, three different 
techniques illustrated in Figs. 1K1-1K2, ILl and 1L2 can be used. 

In Figs. IKl and 1K2, the focal length of the imaging lens 3B can be fixed and set at the 
factory to produce a field of view having specified geometrical characteristics for particular 
appUcations. In Fig. Kl, the focal length of the image formation and detection module 3 is fixai 
during the optical design stage so that tiie fixed field of view (FOV^ lRereof substantialiy 
matches the scan field width measured at the top of the scan field, and thereafter overshoots the 
scan field and extends on down to the plane of the conveyor belt 34. In tfus FOV arrangement, 
ttie dpi image resolution will be greater for packages having a higher height profile above the' 
conveyor belt, and less for envelope-type packages witii low height profiles. In Fig. 1K2, the 
focal length of the image formation and detection module 3 is fixed during the optical design 
stage so that ttie fixed field of view thereof substantiaUy matches the plane sUghtly above the 
conveyor belt 34 where envelope-type packages are transported. In this FOV arrangement, the 
dpi image resolution will be maximized for envelope-type packages which are expected to be 
transported along the conveyor belt struchire, and this system will be unable to read bar codes 
on packages having a height-profile exceeding the low-profile scanning field of the system. 

In Fig. IL, a FOV beam folding mirror arrangement is used to fold the optical path of the 
imaging subsystem within the interior of the system housing so that the FOV emerging from the 
system housing has geomefaical characteristics that match the scanning appUcation at hand. As 
shown, tins technique involves mounting a pluraUty of FOV folding mirrors 9A through 9E on 
the optical bendi of the PLIIM system to bounce the FOV of Ae imaging subsystem 3B back and 
forth before the FOV emerges from the system housing. Using this technique, when the FOV 
emerges from the system housing, it will have expanded to a size appropriate for covering the 
entire scan field of ttie system. This technique is easier to practice with image formation and 
detection modules having linear image detectors, for which the FOV folding mirrore only have 
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to expand in one direction as the distance from the imaging subsystem increases. In Fig. IL this 
direction of FOV expansion occurs in the direction perpendicular to the page. In the cale of 
area-type PLDM-based systems, as shown in Figs. 4A through 6F4, the FOV folding minors 
have to accommodate a 3-D FOV which expands in two directions. TT^us an internal foldin. 
path is easier to arrange for linear-type PUIM-based systems. 

In Fig. 1L2, the fixed field of view of an imaging subsystem is expanded across a 
workmg space (e.g. conveyor belt structure) by using a motor 35 to controllably rotate the FOV 
^0 durmg object illumination and imaging operations. When designing a linear-type PUIM- 
based system for industrial scanning applications, wherein the focal length of the imagine 
subsystem is fixed, a higher dpi image resolution will occasionaUy be required. TWs impU« 
usmg a longer focal length imaging lens, which produ«s a narrower FOV and thus higher dpi 
image resolution. However, in many appUcations, the image formation and detection module 
m the PLIIM-based system cannot be physicaUy located far enough away from the conveyor 
belt (and within the system housing) to enable the narrow FOV to cover the entire scanning 
held of the system. In this case, a FOV folding mirror 9F can be made to rotate, relative to 
^tioiuuy for fo!di|« 1^ 9G, in order to sweep the linear FOV from side to side over the 
entire width of the conveyor belt, depending on where the bar coded package is located 
deally, this rotating FOV folding mirror 9F would have only two mirror positions, but this wiU 
depend on how small the FOV is at the top of the scan field. The rotating FOV folding mirror 
can be driven by motor 35 operated under the confrol of the camera control computer 22 as 
described herein. ' 



m the case of a fixed focal length camera lens, the planar laser illumination beam 7 A 7B 
IS focused at the farthest possible object distance in the PLIIM-based system. In the case of 
fixed focal length imaging lens, this focus control technique of the present invention is not 
employed to compensate for decrease in the power density of the reflected laser beam as a 
fimchon of 1/i^distance from the imaging subsystem, but rather to compensate for a decrease 
m power density of the planar laser illumination beam on the target object due to an increase in 
object distance away from the imaging subsystem. 

It can be shown that laser return light that is reflected by the target object (and 
measured/detected at any arbitrary point in space) decreases in intensity as the inverse square 
of the object distance. In the PUIM-based system of the present invention, the relevant decrease 
m mtensity is not related to such ''inverse square" law decreases, but rather to the fact that the 
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width of the planar laser illumination beam increases as the object distance increases. This 
•beam-width/object-distance" law decrease in Ught intensity will be described in greater detail 



below 



Using a thin lens analysis of the imaging subsystem, it can be shown that when any form 
of illumination having a uniform power density Eo (i.e. power per unit area) is directed incident 
on a target object surface and the reflected laser illumination from the illuminated object is 
imaged through an imaging lens having a fixed focal length f and f-stop F, the power density 
Epi, (measured at the pixel of the image detection array and expressed as a function of the object 
distance r) is provided by the expression (8) set forth below: 



Fig. IMl shows a plot of pixel power density Ep^, vs. object distance r calculated using 
the arbitrary but reasonable values Eo = 1 W/m^ f = 80 mm and F = 4.5. This plot demonstrates 
that, in a counter-inhiitive maiuier, the power density at the pixel (and therefore the power 
incident on the pixel, as its area remains constant) actually increases as the object distance 
increases. Careful analysis explains this particular optical phenomenon by the fact that the field 
of view of each pixel on the image detection array increases slightly faster with increases in 
Object distanas than would be necessary to compensate for the 1/r^ return light losses. A more 
anal)^cal explanation is provided below. 

The width of the planar laser illuminatioln beam increases as object distance r increases. 
At increasing object distances, the constant output power from the VLD in each planar laser 
iUumination module (PLIM) is spread out over a longer beam width, and therefore the power 
density at any point along the laser beam width decreases. To compensate for this 
phenomenon, the planar laser illumination beam of the present invention is focused at the 
farthest object distance so that the height of the planar laser illumination beam becomes smaller 
as the object distance increases; as the height of the planar laser illumination beam becomes 
narrower towards the farthest object distance, the laser beam power density increases at any 
point along the width of the planar laser illumination beam, llie decrease in laser beam power 
density due to an increase in planar laser beam width and tiie increase in power density due to 
a decrease in planar laser beam height, roughly cancel each other out, resulting in a power 
density which either remains approximately constant or increases as a function of increasing 
object distance, as the application at hand may require. 
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